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PREFACE 


@ Objectives and Intended Readership 


The F*MC-16LX series products are original 16-bit one-chip microcontrollers that support application 
specific ICs (ASICs). They are suitable for use in various types of industrial equipment, office-automation 
equipment, on-vehicle equipment, and other equipment that is required to operate at high speed in real-time 
mode. 


Note: F2MC is the abbreviation of FUJITSU Flexible Microcontroller. 
@ Trademark 


The company names and brand names herein are the trademarks or registered trademarks of their respective 


owners. 
@ Configuration of this Manual 
This manual contains the following 9 chapters and appendix. 


CHAPTER 1 OVERVIEW OF THE F2MC-16LX CPU CORE AND SAMPLE CONFIGURATION 
INCLUDING IT 


This chapter briefly describes the configuration of the F°MC-16LX CPU core, and presents a sample 
configuration of a device incorporating it. 


CHAPTER 2 MEMORY SPACE 


This chapter describes the memory spaces of the F°MC-16LX CPU. 
CHAPTER 3 DEDICATED REGISTERS 


This chapter describes the dedicated registers of the F°MC-16LX CPU. 
CHAPTER 4 GENERAL-PURPOSE REGISTERS 


This chapter describes the general-purpose registers of the F°MC-16LX CPU. 
CHAPTER 5 PREFIX CODES 


The operation of an instruction can be modified by prefixing it with prefix code. This chapter explains 
the prefix codes. 


CHAPTER 6 INTERRUPT HANDLING 


This chapter describes the F°MC-16LX interrupt handling functions and their operations. 
CHAPTER 7 ADDRESSING 


This chapter explains the addressing mode for each instruction of the F°MC-16LX. 
CHAPTER 8 INSTRUCTION OVERVIEW 


This chapter explains the meanings of items and symbols used in explanations in "CHAPTER 9 
DETAILED EXECUTION INSTRUCTIONS". 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


This chapter describes each execution instruction used in the assembler in a reference format. 


APPENDIX 


The appendix section includes lists of instructions used in the F°MC-16LX, as well as the related 
instruction maps. 


m@ References 
The following manuals should be referred along with this manual: 
* F°MC-16LX/16L/16/16H/16F Assembler Manual 
* F°MC-16LX Model-Specific Hardware Manual 
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READING THIS MANUAL 


m@ Page Layout 
In this manual, an entire section is presented on a single page or spread whenever possible. You can thus 
view a section without having to flip pages. 


The content of each section is summarized immediately below the title. You can obtain a rough overview 
of this product by reading through these summaries. 


Also, higher level section headings are given in lower sections so that you can know to which section the 
text your are currently reading belongs. 
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CHAPTER 9 

DETAILED EXECUTION INSTRUCTIONS 
9.1.66 MOV 

(Move Byte Data from AH to Memory) 


CHAPTER 9 

DETAILED EXECUTION INSTRUCTIONS 
9.1.80 MOVW 

(Move Word Data from AH to Memory) 


Main changes in this edition 


Page Changes (For details, refer to main body.) 


"@ Assembler format:" is changed. 
(MOV @AL,AH / MOV @A,T — MOV @AL,AH) 


"@ Assembler format:" is changed. 
(MOVW @AL,AH / MOV @A,T > MOVW @AL,AH) 


CHAPTER 9 

DETAILED EXECUTION INSTRUCTIONS 
9.1.125 SWAPW 

(Swap Word Data of Accumulator) 


"@ Assembler format:" is changed. 
(SWAPW /XCHW A,T > SWAPW) 


B.1 Transfer Instructions 


"Table B-1 Transfer Instruction (Byte): 41 Instructions" is 
changed. 


(MOV @AL,AH / MOV @A,T — MOV @AL,AH) 


"Table B-2 Transfer Instruction (Word/Long-word): 


38 Instructions" is changed. 
(MOVW @AL,AH / MOVW @A,T > MOVW @AL,AH) 


B.5 Branch Instructions 


CBNE Instruction in "Table B-14 Branch 2: 19 Instructions" is 
changed. 


(CBNE ear,#imm8,rel 
CBNE ear,#imm8,rel 
> 

CBNE ear,#immé8,rel 
CBNE eam,#imm§8,rel 


byte(A) not equal to imm8 
byte(A) not equal to imm8 


byte(ear) not equal to imm8 
byte(eam) not equal to imm8) 


CWBNE Instruction in "Table B-14 Branch 2: 19 Instructions" is 
changed. 


(CWBNE ear,#imm16,rel 

CWBNE ear,#imm16,rel 
> 

CWBNE ear,#imm16,rel 

CWBNE eam,#imm16,rel) 
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Page Changes (For details, refer to main body.) 


316 | B.6 Other Instructions "Table B-15 Other Control Systems (Byte/Word/Long-word): 
28 Instructions" is changed. 
(+&—> *5) 


"Table B-15 Other Control Systems (Byte/Word/Long-word): 
28 Instructions" is changed. 

(*5: (number of POP operations), or (number of PUSH opera- 
tions)) 


317 "Table B-17 Accumulator Operation Instruction (Byte/Word): 
6 Instructions" is changed. 
(SWAPW / XCHW A,T — SWAPW) 


318 "Table B-18 String Instruction : 10 Instructions" is changed. 
(+& > *5),(+)> *8) 


The vertical lines marked in the left side of the page show the changes. 
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CHAPTER 1 
OVERVIEW OF 

THE F*MC-16LX CPU CORE 
AND SAMPLE 
CONFIGURATION 
INCLUDING IT 


This chapter briefly describes the configuration of the 
F2MC-16LX CPU core, and presents a sample 
configuration of a device incorporating it. 


CHAPTER 1 OVERVIEW OF THE F°MC-16LX CPU CORE AND SAMPLE CONFIGURATION INCLUDING IT 


1.1 Overview of the F2MC-16LX CPU Core 


The F2MC-16LX CPU core is an advanced 16-bit CPU designed for use in various types 
of industrial equipment, office automation equipment, on-vehicle equipment, and other 
equipment required to operate at high speed in real-time mode. 


m@ Overview of the F2MC-16LX CPU Core 


The F7MC-16LX CPU core is an advanced 16-bit CPU designed for use in various types of industrial 
equipment, office automation equipment, on-vehicle equipment, and other equipment required to operate at 


high speed in real-time mode. The design of the F°MC-16LX instruction set is optimized for use in 
controllers. The instructions can perform various types of control at high speed and at high efficiency. The 


F°MC-16LX is a suitable CPU for processing 16-bit data. Some of its instructions can be used also for 32- 


bit data processing, because its CPU incorporates a 32-bit accumulator. The memory space of the F°MC- 
16LX can be expanded up to 16 Mbytes. Each location in the memory space can be accessed using either a 


linear pointer or a bank method. The instruction set is based on the F°MC-8 A-T architecture, but has been 
enhanced by adding instructions that support high-level language, extending the addressing mode, 
improving the multiplication and division instructions, and augmenting bit manipulation. 


™@ Features of the F7MC-16LX CPU Core 
@ Minimum instruction execution time: 62.5 ns (with internal clock at 16 MHz) 
@ Memory space: Up to 16 Mbytes, accessible using either a linear or bank mode 


@ Instruction set optimized for use in controllers 


¢ Cornucopia of data types: Bit, byte, word, and long word 
e Extended addressing mode: 23 types 
¢ High code efficiency 


¢ Reinforcement of high-precision calculation (32-bit length) by means of a 32-bit accumulator 


@ Powerful interrupt functions 


Interrupt priority levels: 8 levels (programmable) 
@ CPU-independent automatic transfer function 
@ Extended intelligent I/O service: Up to 16 channels 


@ Instruction supporting high-level language (C language) and multitasking 


¢ Use of a system stack pointer 
e Various pointers 
¢ High symmetry of the instruction set 


¢ Barrel shift instruction 


@ Increased execution speed: Use of a 4-byte queue for waiting of instructions 
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1.2 Sample Configuration of an F?MC-16LX Device 


Figure 1.2-1 shows a sample configuration of an F2MC-16LX device. 


= Sample Configuration of an F7MC-16LX Device 


Figure 1.2-1 F2MC-16LX Device Sample Configuration 
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CHAPTER 2 


MEMORY SPACE 


This chapter describes memory spaces in the F2MC- 
16LX CPU. 


2.1 CPU Memory Space 

2.2 Linear Addressing Mode 

2.3 Bank Addressing Mode 

2.4 Memory Space Divided into Banks and Value in Each Bank Register 


2.5 Data Configuration of and Access to Multi-byte Data in Memory 


CHAPTER 2 MEMORY SPACE 


2.1 CPU Memory Space 


All data, programs, and I/O areas managed in the F2MC-16LX CPU are allocated in its 
16-Mbyte memory space. The CPU can access these resources using an address on 
the 24-bit address bus (see Figure 2.1-1 ). 


The F2MC-16LX addressing mode can be classified either as a linear or bank mode. The 
linear mode specifies an entire 24-bit address using a instruction. The bank mode 
specifies the upper 8 bits of each address using a bank register, and the remaining 16- 
bit address using an instruction. 


m@ CPU Memory Space 


Figure 2.1-1 Example of Relationship between the F2MC-16LX System and Memory Map 


FFFFFFy 
Program Program area 
FF8000,, 
F°MC-16LX 
Cry ( 810000,, 
Data area 
Interrupt | 
l 800000, 
Peripheral 0000C0,, 
circuit Interrupt controller 
OOO0BO,, 
Peripheral circuit 
General-purpose 
port 000020, 
General-purpose port 
[Device] 


000000), 
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2.2 Linear Addressing Mode 


The linear addressing mode of the F2MC-16LX specifies an entire 24-bit address using 
an instruction. 

The linear addressing mode can operate in two different ways. In the first way, an 
operand of an instruction directly specifies an entire 24-bit address. In the second way, 
the lower 24-bit of a 32-bit general-purpose register is referred as an address. 


@ Linear Addressing Mode 
The linear addressing mode of the F°MC-16LX specifies an entire 24-bit address using an instruction. The 


address mode of the F7MC-16LX is determined according to the specification of the effective address or 
instruction code (implied) of an instruction. 

The linear addressing mode can operate in two different ways. In the first way, an operand of an 
instruction directly specifies an entire 24-bit address. In the second way, the lower 24-bit of a 32-bit 
general-purpose register is referred as an address (see Figure 2.2-1 ). 
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Figure 2.2-1 Examples of Generating an Address in the Linear Addressing Mode 


Example 1: 24-bit Operand Specification in the Linear Addressing Mode 
JMPP 123456H 


-—————> 
Previous content of 17452Dy 


program counter plus 
program bank 


JMPP 123456H 


Latest content of 123456), 


program counter plus 
program bank 


Next instruction 


Example 2: Indirect Addressing Based on 32-bit Register in the Linear Addressing Mode 
MOV A @RL1+7 


Previous content 
of the AL | XXXX -—— > 090700, 3A 


+7 
IN 


—————~ RL14 240906F9 


(Upper 8 bits are ignored.) 


Latest content 
of the AL | 903A 
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2.3 Bank Addressing Mode 


The bank addressing mode of the F2MC-16LX specifies the upper 8 bits of an address 
using a bank register for use, and the remaining 16 bits using an instruction. 


@ Bank Addressing Mode 


In the bank addressing mode, the 16-Mbyte memory space is divided into 256 banks of 64-Kbyte, and the 
corresponding bank to each space is specified by the following 4 bank registers. 


@ Program bank register (PCB) 
A 64-Kbyte bank specified using the PCB register is called a program (PC) space. It is used to hold mainly 
instruction codes, vector tables, and immediate data. 

@ Data bank register (DTB) 
A 64-Kbyte bank specified using the DTB register is called a data (DT) space. It is used to hold mainly 
readable/writable data and control/data registers for internal and external resources. 

@ User stack bank register (USB) and system stack bank register (SSB) 


A 64-Kbyte bank specified using the USB or SSB register is called a stack (SP) space. It is accessed when 
the execution of a push or pop instruction or interrupt handling is performed and which to be used, the USB 
or SSB register, is determined according to the S flag in the condition code register to save register contents 
and a stack access occurs. 


®@ Additional data bank register (ADB) 
A 64-Kbyte bank specified using the ADB register is called an additional (AD) space. It is used to hold 
mainly data overflowing from the DT space. 


Each instruction is assigned with one of the default spaces by each addressing listed in Table 2.3-1 to 
improve instruction code efficiency. 


Table 2.3-1 Default Spaces 


Default space Addressing 
Program space PC-indirect, program access, branch type 
Data space @A, addr16, dir, or addressing using @RWO0, @RW1, @RW4, or @RWS5 
Stack space Addressing using PUSHW, POPW, @RW3, @RW7, or @SP 


Additional space Addressing using @RW2 or @RW6 
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If a space other than a default space is used, an arbitrary bank space corresponding to a prefix code can be 


accessed by specifying the prefix code before the instruction. 


Table 2.3-2 lists bank select prefixes and the memory space selected using each prefix. 


Table 2.3-2 Bank Selection Prefix 


Bank select prefix 


Selected space 


Program space 


Data space 


Additional space 


System or user stack space depending on the contents of the selected 
stack flag 


The DTB, USB, SSB, and ADB registers are initialized to "00," at a reset. The PCB register is initialized 
to "FF," at a reset. After a reset, the data, stack, and additional spaces are allocated in bank 00y (000000, 
to OOFFFF},), and the program space is allocated in bank FFy (FFOO00, to FFFFFFy). 
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2.4 Memory Space Divided into Banks and Value in Each Bank 
Register 


Figure 2.4-1 shows an example of a memory space divided into banks and a value in 
each register bank. 


lm Memory Space Divided into Banks and Values in Each Register Bank 


Figure 2.4-1 Example of the Physical Addresses of Each Space 


—— : PCB (program bank register) 
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on 

oa 


Oo 
o 00 
oO 7 
oO 7 
[o) TT 
oO TT 
x= x= 


Data space 
<<— : DTB (data bank register) 


4BFFFFy, 


4B0000,, <— : SSB (system stack bank register) 


i a 000000, 
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2.5 


Data Configuration of and Access to Multi-byte Data in 
Memory 


Multi-byte data is written to memory starting at the lowest address. If the multi-byte 
data is 32-bit long, the lower 16 bits are written to memory first and then upper 16 bits. 


@ Multi-byte Data Layout ina Memory Space 


Multi-byte data is written to memory starting at the lowest address. If the multi-byte data is 32-bit length, 
the lower 16 bits are written to memory first and then upper 16 bits. 

If a reset signal is input immediately after the low-order data is written to memory, the high-order data may 
not be written. To keep the data in integrity, it is necessary to input a reset signal after the high-order data 


is written. 


Figure 2.5-1 shows the layout of multi-byte data in memory. The lower 8 bits are placed at address n, the 
next lower 8 bits are placed at address n + 1, and the next lower 8 bits are placed at address n + 2, and so 


on. 
Figure 2.5-1 Multi-byte Data Layout in Memory 
MSB LSB 


Address n | 00010100 
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@ Access to Multi-byte Data 
When multi-byte data is accessed, it is assumed that all parts of the multi-byte data are within a single bank. 


To put it another way, an instruction accessing multi-byte data assumes that an address that follows address 
FFFF,, is 0000,; in the same bank as for FFFFy. 


Figure 2.5-2 shows an execution example of an instruction accessing multi-byte data. 


Figure 2.5-2 Execution Example of an Instruction (MOVPW A, O80FFFF,,) Accessing Multi-byte Data 


Higher address 
* AL before execution | ?? | ?? 


80FFFF,| 01 


sshecan es es Ee ot alee 
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Lower address 
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CHAPTER 3 


DEDICATED REGISTERS 


The registers of the F2MC-16LX can be grouped into two 
major categories: dedicated registers in the CPU and 
general-purpose registers allocated in memory. 

This chapter describes the F2MC-16LX dedicated 
registers. These registers are the dedicated hardware in 
the CPU. Their use is limited due to the architecture of 
the CPU. 


3.1 F°MC-16LX Dedicated Register Types 

3.2 Accumulator (A) 

3.3 User Stack Pointer (USP) and System Stack Pointer (SSP) 
3.4 Processor Status (PS) 

3.5 Program Counter (PC) 

3.6 Direct Page Register (DPR) 

3.7 Bank Registers 
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3.1 F2MC-16LX Dedicated Register Types 


There are 11 dedicated registers in the F27MC-16LX. 


e Accumulator (A=AH:AL) e User stack pointer (USP) 

e System stack pointer (SSP) e Processor status (PS) 

e Program counter (PC) e¢ Program bank register (PCB) 

e Data bank register (DTB) e User stack bank register (USB) 


e System stack bank register (SSB) 
e Direct page register (DPR) 


Additional data bank register (ADB) 


m™ F2MC-16LX Dedicated Register Types 


@ Accumulator (A=AH:AL) 


This is a set of two 16-bit accumulators. It can be used as a single 32-bit accumulator. 


@ User stack pointer (USP) 


This is a 16-bit pointer indicating a user stack area. 


@ System stack pointer (SSP) 


This is a 16-bit pointer indicating a system stack area. 


@ Processor status (PS) 


This is a 16-bit register indicating the status of the system. 


@ Program counter (PC) 


This is a 16-bit register to hold an address where the next instruction to be executed is stored. 


@ Program bank register (PCB) 


This is an 8-bit register indicating the program space. 


@ Data bank register (DTB) 


This is an 8-bit register indicating the data space. 


@ User stack bank register (USB) 


This is an 8-bit register indicating the user stack space. 


@ System stack bank register (SSB) 


This is an 8-bit register indicating the system stack space. 


@ Additional data bank register (ADB) 
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This is an 8-bit register indicating the additional space. 


@ Direct page register (DPR) 


This is an 8-bit register indicating the direct page. 


Figure 3.1-1 shows an image of the dedicated registers. 


Figure 3.1-1 Dedicated Registers 


AH AL 


USP 
SSP 
PS 
PC 


DPR 


PCB 
DTB 
USB 
SSB 
ADB 
<8 bits> 
<— 16 bits —> 
<—___— 32 bits ————_> 


Accumulator 


User stack pointer 
System stack pointer 
Processor status 
Program counter 


Direct page register 


Program bank register 

Data bank register 

User stack bank register 
System stack bank register 
Additional data bank register 
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3.2 


Accumulator (A) 


The accumulator (A) consists of two 16-bit length operation registers (AH and AL), is 
used for temporary storage of the results for an operation or of data to be transferred. 


@ Accumulator (A) 


The accumulator (A) consists of two 16-bit length operation registers (AH and AL), used for temporary 
storage of the results for an operation or of data to be transferred. To process 32-bit data, the AH and AL 
registers are concatenated (see Figure 3.2-1 ). To process 16-bit data (used in word-unit processing) or 8- 
bit data (used in byte-unit processing), only the AL register is used (see Figure 3.2-2 ). Various types of 
arithmetic and logical operations can be performed between data in the accumulator (A) and data in 


memory or a register (such as Ri, RWi, or RLi). Similarly to the F°MC-8, the F7MC-16LX automatically 
transfers data from the AL register to the AH register, if it receives new data at the AL register and the new 
data is not larger than a word (data preservation function). Use of this data preservation function and a 
function to perform arithmetic and logical operations between the AL and AH registers makes various 
types of processing more efficient (see Figure 3.2-2 ). 

If data transferred to the AL register is not larger than a byte, the data is sign- or zero-extended to 16 bits 
and it is stored in the AL register. The data in the AL register can be handled as either a word or a byte. If 
a byte-unit arithmetic operation is performed on the AL register, the upper 8 bits of data that have been 
previously set in the AL register are ignored and reset to all "0"s. 


Figure 3.2-1 Example of Transferring 32-bit Data 


MOVL A, @RW1+6 


MSB LSB 


Previous content 


of the A register A61540,, | 8Fy 744 


PAG153E,| 2By | 524 


DTB | AG, 


+6 


Latest content 
of the A register 
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Figure 3.2-2 Example of Transferring Data between the AL and AH Registers by Means of the Data 
Preservation Function 


MOVW A, @RW1+6 


MSB LSB 


Previous content 


of the A register A61540, | 8Fy 744 


> AG153E,] 2By | 52y 


Latest content 
of the A register 


_RW1 15, | 384 
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3.3 User Stack Pointer (USP) and System Stack Pointer (SSP) 


Both the user stack pointer (USP) and system stack pointer (SSP) are 16-bit registers. 
They are used to indicate a data save address or return address when a push, pop 
instruction, or subroutine is executed. 

Basically, a value to be set in a stack pointer must be an even address. 


@ User Stack Pointer (USP) and System Stack Pointer (SSP) 


Both the user stack pointer (USP) and system stack pointer (SSP) are a 16-bit register. They are used to 
indicate a data save address or return address when a push, pop instruction, or subroutine is executed. The 
USP and SSP registers are used by stack manipulation instructions in the same manner. If the S flag in the 
condition code register (CCR) in the processor status (PS) register is "0", the USP register is active. If the 
S flag is "1", the SSP register is active (see Figure 3.3-1 ). Because the S flag becomes "1" when an 
interrupt is accepted, the SSP register is used to indicate a memory area to save register contents at an 
interrupt. The SSP register is used by an interrupt routine for stack manipulation, while the USP register is 
used by non-interrupt handling routines for stack manipulation. If it is unnecessary to divide the stack 
space, only the SSP register should be used. 


For the SSP register, the upper 8 bits of an address used for stack manipulation are indicated by the system 
stack bank register (SSB). For the USP register, they are indicated by the user stack bank register (USB). 
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Figure 3.3-1 Relationships between Stack Manipulation Instruction and Stack Pointer 


Example 1: PUSHW A executed when the §S flag is "0" 
MSB LSB 


Before execution > AL!A624,,| USB] C6, | USP} F328,| C6F326,) XX XX 


wn 
Dd 
Hi 
op) 
op) 
Ww 
j [2 | 
8 | |e | Ei 8 | 
x x 


SSP] 1234, 


After execution  AL|A624,,| USB] C6,, | USP} F326} “ The user stack is used 
because the S flag is "0". 


S fla 


SSP] 1234,,] C6F326,] AGy | 244 


Ko} 
op) 
op) 
Ww 


Example 2: PUSHW A executed when the S flag is "1" 


H 
x< 


Before execution > AL!A624,,| USB} C64} USP] F328y4} 5612324] XX 


S fla 


Ko} 
= 
i) 
ie) 
W 


56, | SSP] 1234, 


After execution > AL| A624,,} USB] C64 | USP} F328] 5612324) A6y | 244 


H 
ae 


o 
a 
= 


S flag | 1 SSB SSP 


— 


232,| © The system stack is used 
because the S flag is "1". 
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3.4 Processor Status (PS) 


The processor status (PS) register consists of bits for controlling the CPU and those for 
indicating the status of the CPU. The PS register is divided into the following three 
registers. 

e Interrupt level mask register (ILM) 

e Register bank pointer (RP) 

¢ Condition code register (CCR) 


@ Processor Status (PS) 
The processor status (PS) register consists of bits for controlling the CPU and those for indicating the status 
of the CPU. 
e Interrupt level mask register (ILM): Indicates the level of an interrupt to be accepted. 
¢ Register bank pointer (RP): Indicates the start address of a register bank. 


¢ Condition code register (CCR): Consists of various flags that are set or reset during instruction 
execution or at an interrupt occurrence. 


Figure 3.4-1 shows the structure of the processor status (PS) register. 


Figure 3.4-1 Processor Status (PS) Register Structure 


bit 15<— 13 12< 78 7< 
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3.4.1 Interrupt Level Mask Register (ILM) 


The following shows a configuration diagram of the interrupt level mask register (ILM). 


ILM ILM2 | ILMi | ILMO 


(Initial value)—> 0 0 0 


@ Interrupt Level Mask Register (ILM) 


The interrupt level mask register (ILM) consists of 3 bits. It indicates the levels of interrupts acceptable to 
the CPU. If an interrupt request whose level is higher than the level indicated using these 3 bits, the 
interrupt is generated. Interrupt level 0 is the highest, and interrupt level 7 is the lowest (see Table 3.4-1 ). 
In other words, for an interrupt to be accepted, its interrupt level value must be smaller than the value held 
in the ILM register. When an interrupt is accepted, its interrupt level is set in the ILM register, thus 
prohibiting interrupts on lower levels from being accepted. Because the ILM register is initialized to all 
"O"s at a reset, the highest interrupt level is specified in the ILM register. It is possible to transfer 8-bit 
immediate data to the ILM register, but only the lower 3 bits of the data can be used. 


Table 3.4-1 Interrupt Levels Indicated in the Interrupt Level Mask Register (ILM) 


Level value Levels of acceptable interrupts 


Interrupt disabled 


0 


1 and below 


2 and below 


3 and below 


4 and below 


5 and below 


6 and below 
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3.4.2 Register Bank Pointer (RP) 


The following shows a configuration diagram of the register bank pointer (RP). 


RP B4 B3 B2 B1 BO 


(Initial value) 0 0 0 0 0 


@ Register Bank Pointer (RP) 
The register bank pointer (RP) indicates the address of an internal RAM area where the general-purpose 
registers of the F°MC-16LX are. The start memory address of a register bank currently in use is 
represented using the following conversion expression: [000180, + RP x 104]. The RP register consists 
of 5 bits. It can hold any value between "00," and "IF". So the start memory address of the register bank 
can be set in the range between 000180, and 00037Fy. Therefore, the register bank can be allocated at 
memory locations in the range between 000180, and 00037Fy. If the internal RAM area used as an 


external area, however, it cannot be used as general-purpose registers even if the register bank is within that 
range. It is possible to transfer 8-bit immediate data to the RP register, but only the lower 5 bits of the data 
can be used. 
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3.4.3 Condition Code Register (CCR) 


The following shows a configuration diagram of the condition code register (CCR). 


bit 7 6 5 4 3 2 1 0 
CCR - | S T N Z Vv Cc 
(Initial value)—> 0 1 - = - = = 


-: Undefined 


@ Condition Code Register (CCR) 


¢ J (Interrupt enable flag): If the I flag is "1", all non-software interrupts are acceptable. If the flag is "0", 
they are disabled. The flag is cleared by a reset. 
¢ S (Stack flag): If the S flag is "0", the user stack pointer (USP) is active as a pointer for stack 
manipulation. If the flag is "1", the system stack pointer (SSP) is active. The flag is set 
at a reset and when an interrupt is accepted. 
¢ T (Sticky bit flag): If at least one bit read from the C flag is "1" when a logical shift right instruction or 
an arithmetic shift right instruction is executed, this flag becomes "1". Otherwise, 
the flag becomes "0". The flag becomes "0" also if the amount of shifting is "0". 
¢ N (Negative flag): If the most significant bit of an arithmetic or logical operation result is "1", this flag 
is set. If itis "0", this flag is cleared. 
¢ Z (Zero flag): If the result of an arithmetic or logical operation is all "O"s, this flag is set. Otherwise, it 
is cleared. 
¢ V (Overflow flag): This flag is set if a digit overflow occurs in a signed value generated as the result of 
an arithmetic or logical operation. Otherwise, the flag is cleared. 
¢« C (Carry flag): This flag is set if an arithmetic or logical operation causes a carry from or a borrow to 
the most-significant bit. Otherwise, the flag is cleared. 
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3.5 Program Counter (PC) 


The program counter (PC) consists of 16 bits. It indicates the upper 16 bits of a 
memory address where the next instruction to be executed by the CPU. 


@ Program Counter (PC) 


The program counter (PC) consists of 16 bits. It indicates the lower 16 bits of a memory address where the 
next instruction to be executed by the CPU is (see Figure 3.5-1 ). The upper 8 bits of the memory address 
are indicated in the program bank register (PCB). The content of the PC register is updated, when a 
conditional branch or subroutine call instruction is executed, upon an interrupt occurrence, or at a reset. 
The PC register is used also as a base pointer for reading an operand. 


Figure 3.5-1 Program Counter (PC) 


PCB PC | ABCD, 
ik. FEABCD, Next instruction 


to be executed 
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3.6 Direct Page Register (DPR) 


The direct page register (DPR) specifies bits 8 to 15 (addr8 to addr15) of an operand 
address for an instruction in direct addressing mode. 


@ Direct Page Register (DPR) 


The direct page register (DPR) specifies bits 8 to 15 (addr8 to addr15) of an operand address for an 
instruction in direct addressing mode, as shown in Figure 3.6-1 . The DPR register is 8 bits long. It is 
initialized to "Oly" at a reset. It can be read- and write-accessed by an instruction. 


Figure 3.6-1 Physical Address Specified in Direct Addressing Mode 


DTB register DPR register Direct address in an instruction 


24-bit ccccccc.co.BBBBBBBBYyyyyyyY 
physical address 
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3.7 


Bank Registers 


The following 5 bank registers are available in the F2MC-16LX. 


Program bank register (PCB) 

Data bank register (DTB) 

User stack bank register (USB) 
System stack bank register (SSB) 
Additional data bank register (ADB) 


These registers indicate memory banks allocated for the program, data, user stack, 
system stack, and additional spaces, respectively. 


@ Bank Registers 
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All of these bank registers are | byte length. At a reset, the PCB register is initialized to "OFF", and the 
other registers, to "00,". The PCB register can be read-accessed, but not write-accessed. The other bank 


registers can be both read- and write-accessed. The content of the PCB register is updated, when a JMPP, 
CALLP, RETP, or RETI instruction for a branch anywhere in the 16-Mbyte space is executed or an 
interrupt occurs. See "CHAPTER 2 MEMORY SPACE" for descriptions about the operation of each 
register. 


CHAPTER 4 


GENERAL-PURPOSE 
REGISTERS 


The registers of the F2MC-16LX can be grouped into two 
major categories: dedicated registers in the CPU and 
general-purpose registers allocated in memory. 


This chapter describes the F7MC-16LX general-purpose 
registers. These registers are allocated in a RAM in 
address space of the CPU. Similarly to the dedicated 
registers, the general-purpose registers can be 
accessed without specifying their address. However, 
the user can specify the purpose for which they are used 
in the same manner as for ordinary memory. 


4.1 Register Banks in RAM 
4.2 Calling General-purpose Registers in RAM 
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4.1 Register Banks in RAM 


Each register bank consists of 8 words (16 bytes). They can be used as general- 
purpose registers (byte registers RO to R7, word registers RWO to RW7, and long word 
registers RLO to RL3) for performing various types of operations and specifying 
pointers. RLO to RL3 can be used also as a linear pointer to gain direct access to all 
spaces in memory. 


@ Register Banks in RAM 


Table 4.1-1 lists the function of each register, and Table 4.1-2 shows relationships between the registers. 


Table 4.1-1 Functions of Each Register 


Register name Function 


Used to hold an operand in various types of instructions. 
RO to R7 Note: RO is also used as a barrel shift counter and a counter of normarize 
instruction. 


Used to hold a pointer. 
RWO to RW7 Used to hold an operand in various types of instructions. 
Note: RW0 is used also as a string instruction counter. 


Used to hold a long pointer. 


RLO to RL3 ; ; : : 
? Used to hold an operand in various types of instructions. 


Table 4.1-2 Relationship between Registers 
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4.2 Calling General-purpose Registers in RAM 


For general-purpose registers of the F2MC-16LX, the register bank pointer (RP) is used 
to specify where in internal RAM between 000180,, and 00037F,, the register bank 


currently in use is allocated. 


@ Calling General-purpose Registers in RAM 
The general-purpose registers of the F°MC-16LX are allocated in internal RAM between 000180, and 


00037Fy (in maximum configuration). The register bank pointer (RP) is used to indicate where in internal 
RAM between 000180}, and 00037Fy, the register bank currently in use is allocated. Each bank contains 
the following 3 different registers. These registers are not independent of one another. Instead, they have 
the relationships shown in Figure 4.2-1 . 

¢ ROtoR7: 8-bit general-purpose registers 

¢ RWO to RW7: 16-bit general-purpose registers 

¢ RLOtoRL3: 32-bit general-purpose registers 


Figure 4.2-1 General-purpose Registers 


MSB LSB 
: 16 bits . 
(OO TSO A Og fe ate 
Start address of a Lower order ENO RLO 
general-purpose a RW1 
ist RW2 
register ae 


RW3 


Vv 
Higher order 


The relationships among the high- and low-order bytes in word registers (RW4 to RW7) and byte registers 
(RO to R7) are represented using the following expression: 


RW (i+ 4) =R (i x 2+ 1) x 256 + R (i x 2) [where i = 0 to 3] 

The relationships among the high- and low-order bytes in long registers (RLO to RL3) and word registers 
(RW0 to RW7) are represented using the following expression: 

RL G) = RW Gx 2 + 1) x 65536 + RW (i x 2) [where i = 0 to 3] 

For example, if the data in R1 and the data in RO are arranged as high- and low-order bytes, respectively, 
the resulting data equals the data (2 bytes) in RW4. 
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CHAPTER 5 


PREFIX CODES 


The operation of an instruction can be modified by 
prefixing it with prefix code. The following 3 types of 
prefix codes are available. 

¢ Bank select prefix 

¢ Common register bank prefix 

e Flag change inhibit prefix code 
This chapter describes these prefixes. 


5.1 Bank Select Prefix 

5.2 Common Register Bank Prefix (CMR) 
5.3 Flag Change Inhibit Prefix Code (NCC) 
5.4 Constraints Related to the Prefix Codes 
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5.1 Bank Select Prefix 


Placing a bank select prefix before an instruction enables selecting the memory space 
accessed by the instruction regardless of what the current addressing mode is. 


@ Bank Select Prefix 


The memory space of data to be accessed is determined according to the addressing mode. Placing a bank 
select prefix before an instruction enables to select the memory space accessed by the instruction regardless 
of what the current addressing mode is. Table 5.1-1 lists the bank select prefixes and the memory space 
selected according to each bank select prefix. 


Table 5.1-1 Bank Select Prefixes 


Bank select prefix Memory space to be selected 


Program counter space 


Data space 


Additional space 


System or user stack space depending on the state of the stack flag 


Be careful when using the following instructions. 


@ Transfer instructions (I/O access) 


MOV A,io MOV io, A MOVX A,io MOVW A,io 
MOVW io,A MOV io,#imm8s MOVW io,#imm16 


These instructions access the I/O space regardless of whether there is a prefix before them. 


@ Branch instruction 


RETI 


The system stack bank (SSB) is used regardless of whether there is a prefix before the branch instruction. 


@ Bit manipulation instructions (I/O access) 


MOVB A,io:bp MOVB io:bp,A SETB io:bp 
CLRB io:bp BBC io:bp,rel BBS io:bp,rel 
WBTC WBTS 


The I/O space is accessed regardless of whether there is a prefix before those instructions. 
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@ String manipulation instructions 


MOVS MOVSW SCEQ SCWEQ FILS FILSW 


A bank register specified in the operand is used regardless of whether there is a prefix before these 
instructions. 


@ Other types of control instructions (stack manipulation) 


PUSHW POPW 


The system stack bank (SSB) or user stack bank (USB) is used depending on the state of the S flag, 
regardless of whether there is a prefix before these instructions. 


POPW_ PS 


In the following cases, the prefix of an instruction affects not only that instruction but also an instruction 
that follows it. 


@ Other types of control instructions (flag change) 


AND CCR,#imm8 OR CCR,#imm8 


The operations of these instructions are performed normally. The prefix of each of these instructions 
affects not only the instructions but also an instruction that follows them. 
@ Another type of control instruction (interrupt control) 


MOV ILM,#imm8s 


The operation of the instruction is performed normally. The prefix of the instruction affects not only that 
instruction but also an instruction that follows it. 
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5.2 


Common Register Bank Prefix (CMR) 


Placing a common register bank prefix (CMR) before an instruction accessing a register 
bank enables to change that the instruction is to access only the registers in a common 
bank (register bank selected when RP = 0) allocated between 000180,, and 00018F},, 


regardless of what the current value of the register bank pointer (RP) is. 


m@ Common Register Bank Prefix (CMR) 
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To make data exchange among tasks easier, it is necessary to use a method that can access a certain 
specified register bank relatively easily no matter what value the RP register holds. To meet this 


requirement, the F°MC-16LX has a register bank that can be used by all tasks in common. It is called a 
common bank. The common bank is allocated in memory between address 000180, and 00018Fy. It is 
selected when the RP register contains a value of "0". 

Placing the common register bank prefix (CMR) before an instruction accessing a register bank enables to 
change that the instruction is to access only the registers in a common bank (register bank selected when 
RP = 0) allocated between 000180}, and 00018Fy, regardless of what the current value of the register bank 


pointer (RP) is. 


Be careful when using the following instructions. 


@ String instructions 


MOVS NOVSW SCEQ_ FILS FILSW 


If an interrupt is requested during execution of a string manipulation instruction attached with a prefix 
code, the prefix becomes ineffective for the string manipulation instruction after a return is made from the 
interrupt handling routine, possibly resulting in a malfunction. Do not place the CMR prefix before these 
string manipulation instructions. 


@ Other types of control instructions (flag change) 


AND CCR,#imm8 OR CCR,#imm8 POPW PS 


The operations of these instructions are performed normally. The prefix of each of these instructions 
affects not only the instructions but also an instruction that follows them. 


@ MOV ILM,#imms 


The operation of the instruction is performed normally. The prefix of the instruction affects not only that 
instruction but also an instruction that follows it. 
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5.3 Flag Change Inhibit Prefix Code (NCC) 


Placing the flag change inhibit prefix code (NCC) before an instruction inhibits flags 
from changing during execution of the instruction. 


@ Flag Change Inhibit Prefix Code (NCC) 


The flag change inhibit prefix code (NCC) is used to suppress undesired changes to flags. Placing the NCC 
prefix before an instruction inhibits flags from changing during execution of the instruction. 


Be careful when using the following instructions. 


@ Branch instructions 


INT #vct8 INT9 INT addr16 
INTP addr24 RETI 


These instructions change the flags in the condition code register (CCR) regardless of whether there is a 
prefix before them. 


@ String instructions 


MOVE MOVSW SCEQ SCWEQ FILS’ FISW 


If an interrupt is requested during execution of a string manipulation instruction attached with a prefix 
code, the prefix becomes ineffective for the string manipulation instruction after a return is made from the 
interrupt handling routine, possibly resulting in a malfunction. Do not place the NCC prefix before these 
string manipulation instructions. 


@ Another type of control instruction (task switching) 


JCTX @A 


This instruction changes the flags in the CCR register regardless of whether there is a prefix before it. 


@ Other types of control instructions (flag change) 


AND CCR,#imm8 OR CCR,#imm8 POPW PS 


These instructions change the flags in the CCR register regardless of whether there is a prefix before them. 
The prefix of each of these instructions affects not only the instructions but also an instruction that follows 


them. 


@ Another type of control instruction (interrupt control) 


MOV ILM,#imm8s 


The operation of the instruction is performed normally. The prefix of the instruction affects not only that 
instruction but also an instruction that follows it. 
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5.4 


Constraints Related to the Prefix Codes 


If a prefix code is placed before an instruction where interrupt and hold requests are 
inhibited, the effect of the prefix code lasts until an instruction where neither an 
interrupt nor hold request is inhibited appears for the first time, as shown in Figure 5.4- 


2. 


If a prefix is followed by conflicting prefix codes, the last one is valid. 


@ Relationships between Instructions Rejecting Interrupt Requests and Prefix Codes 


The following 10 instructions/prefix codes reject interrupt and hold requests. 


« MOV ILM,#imm8s ¢ AND CCR,#imm8 
¢ OR CCR,#imm8 ¢ POPW PS 

« PCB « ADB 

« NCC « DTB 

« SPB « CMR 


If an interrupt or hold request is issued during execution of any of the above instructions, the request is 
accepted only after any instruction not listed above appears for the first time after that instruction and is 
executed, as shown in Figure 5.4-1 . 


Figure 5.4-1 Instructions Rejecting Interrupt and Hold Requests 


Instructions rejecting interrupt and hold requests 


eoecccocce (a) coo 


Interrupt request issued Interrupt accepted (a):Ordinary instruction 
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If a prefix code is placed before an instruction rejecting interrupt and hold requests, its effect lasts until an 
instruction other than instructions rejecting interrupt and hold requests appears for the first time after the 
prefix code and is executed, as shown in Figure 5.4-2 . 


Figure 5.4-2 Instructions Rejecting Interrupt and Hold Requests and Prefix Code 


Instructions rejecting interrupt and hold requests 


MOV A,FFH NCC MOV ILM,#imm8 eoee ADD A,01H 


CCR: XXX10XX CCR: XXX10XX 


The NCC protects the 
CCR from changing. 


m@ If Two or More Prefix Codes Appear in Succession 
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If a prefix is followed by conflicting prefix codes, the last one is valid (see Figure 5.4-3 ). 


Figure 5.4-3 Consecutive Prefix Codes 


Prefix codes 


ADB 


DTB 


PCB 


ADD A,01H 


‘} The PCB prefix code is valid for this instruction. 


The term "conflicting prefix codes" indicates PCB, ADB, DTB, and SPB in the above figure. 
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CHAPTER 6 


INTERRUPT HANDLING 


This chapter describes the interrupt function and 
operation of F°MC-16LX. 


6.1 Interrupt Handling 

6.2 Hardware Interrupt Operation Flow 

6.3 Interrupt Handling Flowchart and Saving the Contents of Registers 
6.4 Interrupt Vectors 

6.5 Extended Intelligent I/O Service 

6.6 Interrupt Control Register (ICR) 

6.7 Meanings of the Bits of Interrupt Control Register (ICR) 

6.8 Extended Intelligent I/O Service Descriptor (ISD) 

6.9 Registers of Extended Intelligent I/O Service Descriptor 


6.10 Exception Processing 


At 
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6.1 


Interrupt Handling 


In F2MC-16LX series, interrupt handling or extended intelligent I/O service is activated 
by the interrupt request from an internal resource. For interrupt handling, the 
processing appropriate to the interrupt request is performed by the interrupt handling 
program. For extended intelligent I/O service, the data transfer between the requesting 
internal resource and the memory is automatically performed. In addition, a function is 
provided to stop the execution of the extended intelligent I/O service by the request 
from the internal resource (such as built-in peripheral circuit). 


@ Interrupt Handling 
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To permit an internal resource to make a hardware interrupt request to the F°MC-16LX CPU, an interrupt 
request flag and an interrupt enable flag are required for that resource. The interrupt request flag is set by 
the occurrence of an event specific to the internal resource. When the interrupt request flag indicates the 
request being made and the interrupt enable flag is set to the enabled state, a hardware interrupt request is 
issued from the internal resource. 


In the case of the internal resource that requires the activation of the extended intelligent I/O service 
accompanied by the occurrence of a hardware interrupt request, an extended intelligent I/O service enable 
(ISE) flag is provided in the interrupt control register (ICR) in the interrupt controller associated with that 


resource. 


The occurrence of an interrupt request with the ISE flag set to "1" activates the extended intelligent I/O 
service. If only normal hardware interrupt requests are intended, set the ISE flag to "0". 


For interrupt requests by the execution of the INT instruction, which are software interrupts, no interrupt 
request and enable flags are applied. Whenever the INT instruction is executed, an interrupt request occurs. 


Any interrupt level of hardware interrupt request can be assigned to a given group regarding interrupt 
request. Interrupt levels are specified by the interrupt level setting bits (ILO, IL1, and IL2) in the ICR 
register in the interrupt controller. It is possible to specify eight interrupt level settings 0 to 7. Definition 
of the interrupt levels is such that "0" is the highest and "6" is the lowest. 


From a group set to interrupt level 7, no interrupt requests can be made. Hardware interrupt requests are 
maskable (enabled/disabled) by the I flag in the condition code register (CCR) of the processor status (PS) 
and the ILM register (ILMO, ILM1, and ILM2). 


When an unmasked interrupt request occurs, the CPU takes the following actions: 
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(1) Saves the data (12 bytes) held by the following registers into the memory area indicated by the system 
stack bank register (SSB) and the system stack pointer (SSP). 


Processor status (PS) 


Program counter (PC) 


Program bank register (PCB) 

Data bank register (DTB) 

Additional data bank register (ADB) 

Direct page register (DPR) 

Accumulator (A) 

(2) Reads the interrupt vector in 3 bytes to PC and PCB. 


(3) Updates the ILM register in the PS to the level setting value of the accepted interrupt request and sets 
the S flag in the CCR register. 


(4) Initiates the instruction execution, starting with the address indicated by the interrupt vector. 


For the INT instruction, the ILM register is not updated and the I flag in the CCR register is cleared. 
Subsequent interrupt requests are put to the pending state. 

As a special case, hardware interrupt requests cannot be accepted during writing into an I/O area. This is 
intended to avoid the CPU malfunction, which might otherwise be caused by the occurrence of an interrupt 
request while the related data in the interrupt control registers for the resources are being rewritten. 
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6.2 


Hardware Interrupt Operation Flow 


Figure 6.2-1 shows the operation flow from the occurrence of a hardware interrupt 
request until the interrupt request has been cleared and removed from within the 
interrupt handling program. 


@ Hardware Interrupt Operation Flow 


Figure 6.2-1 From the Hardware Interrupt Occurrence to its Clearance 


F2MC-16 bus 


PS : Processor status 

|: Interrupt enable flag 

ILM : Interrupt level mask register 
IR: Instruction register 


Register file ILM 


Micro code 


Comparator 


F°MC-16LX CPU 


Enable FF 


Interrupt 


Source FF controller 


Level comparator 
Interrupt level IL 


(1) Peripheral 
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(1) An interrupt source occurs within the peripheral. 


(2) If the interrupt enable bit within the peripheral is referred and it indicates the interrupt enabled state, an 
interrupt request is issued from the peripheral to the interrupt controller. 


(3) The interrupt controller that has received that interrupt request determines the priority between the 
requests made at the same time and transfers the interrupt level corresponding to the appropriate 
interrupt to the CPU. 


(4) The CPU compares the interrupt level requested by the interrupt controller with the IL bit held in the 
processor status register. 


(5) Only if the result of this comparison is that the interrupt level priority is higher than the current interrupt 
handling level, the CPU checks the content of the I flag in the same processor status register. 


(6) Only if the result of the check in (5) is that the I flag is set in the interrupt enabled state, the CPU sets 
the content of the IL bit to the requested level. Upon the completion of the ongoing instruction 
execution, the CPU passes the control to the interrupt handling routine to initiate the handling of that 
interrupt. 


(7) When the software within the user’s interrupt handling routine clears the occurred interrupt cause as 
mentioned in (1), this interrupt request process is terminated. 
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6.3 Interrupt Handling Flowchart and Saving the Contents of 
Registers 


Figure 6.3-1 shows the interrupt handling flowchart and Figure 6.3-2 shows how the 
contents of the registers are saved with interrupt handling. 


@ Interrupt Handling Flowchart 


Figure 6.3-1 Interrupt Handling Flowchart 
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referenced by the CPU 
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IE: Interrupt enable flag for an internal resource 
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Figure 6.3-2 How the Contents of the Registers are Saved with Interrupt Handling 


<— Word (16 bits) —> 


H 

i. < SSP (a value of SSP before the interrupt occurrence) 
i < SSP (a value of SSP after the interrupt occurrence) 
L 
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6.4 Interrupt Vectors 


Interrupt vectors are stored at addresses FFFCOO,, to FFFFFF,, as shown in Table 6.4-1 


Interrupt vectors share the same area for both hardware interrupt and software 
interrupt. 


@ Interrupt Vectors 
Table 6.4-1 Interrupt Vectors 


Interrupt Vector address Vector address Vector address 


request L H bank Mode register 


FFFFFCy, FFFFFDy, FFFFFE,, Not used 


FFFFF8 1, FFFFF9}, FFFFFAy, Not used 


FFFFEO, FFFFE1y FFFFE2y Not used 


FFFFDCy FFFFDDy FFFFDE}; FFFFDFy 


FFFFD8}, FFFFD9}, FFFFDAy Not used 


INT10 *3 FFFFD4, FFFFD5y, FFFFD6y Not used 


INT11 FFFFDO, FFFFD 14 FFFFD2, Not used 


INT 254 FFFC04y; FFFC05y; FFFC06,; Not used 


INT 254 FFFC00} FFFCO1 FFFC02,, Not used 


*1: Because the vector area for the CALLV instruction is also used as the vector area for INT #vct8 (#0 to #7) when the PCB is "FFy", care 


should be taken in using a vector for the CALLV instruction. 
*2: It becomes a reset vector. 
*3: It becomes a vector for exception processing. 
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6.5 


Extended Intelligent I/O Service 


The extended intelligent I/O service (EI2OS) is a function for automatic data transfer 
between I/O and the memory. It enables the data transfer from/to I/O on a direct memory 
access (DMA) basis, though this was performed by the interrupt handling program 


before. 


@ Overview of Extended Intelligent I/O Service 


The extended intelligent I/O service is one type of hardware interrupt. This service achieves automatic data 
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transfer between I/O and the memory, enabling the data transfer from/to I/O on a DMA basis, though this 


was formerly performed by the interrupt handling program. As compared with the method applied before 


as part of interrupt handling, the following advantages are added: 


Because the part of the program coded for data transfer is no longer needed, the program size is reduced. 


It is unnecessary to save the contents of registers because the internal registers are not used for data 
transfer, thus enhancing the transfer rate. 


Because the data transfer can be stopped according to the I/O status, unnecessary data transfer is 
eliminated. 


Buffer addresses can be selected without the need of increments and update. 


I/O register addresses can be selected without the need of increments and update. 


When the extended intelligent I/O service is terminated, it sets the end condition before the automatic 


branch to the interrupt handling routine. This allows the user to know what the end condition was. 


@ Structure of Extended Intelligent I/O Service 


There are four functional entities below, which are related to the extended intelligent I/O service: 


Internal resource: Interrupt enable bit and interrupt request bit: Controls an interrupt request from a 
resource. 


Interrupt controller: ICR: Assigns an interrupt level to each interrupt request, determines the priority 
between the interrupts requested at the same time, and selects the operation 


of E?OS. 


CPU: I, ILM: Compares the requested interrupt level with the current level and verifies the interrupt 
enabled state. 


RAM: Descriptor: Describes the transfer information of EOS. 


Figure 6.5-1 shows the overview of extended intelligent I/O service. 
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Figure 6.5-1 Overview of Extended Intelligent I/O Service 


by OA Memory space Peripheral 
VO register f------- settee ees I/O register 
cee Interrupt request 
(3) by ICS 


ISD (2) Interrupt control 
(3) register 


Interrupt controller 
by BAP ——SSS=_"_ 
(4) 


(1) I/O requests data transfer. 

(2) Interrupt controller selects the descriptor. 

(3) Reads the transfer origin and destination from the descriptor. 
(4) Data transfer between the I/O and the memory is performed. 


Note: 
Area that can be specified by the I/O address pointer (IOA) is 000000,, to OOFFFF. 


Area that can be specified by the buffer address pointer (BAP) is 000000,, to OOFFFF,. 
The maximum transfer count that can be specified by the data counter (DCT) is 65536. 
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6.5.1 Flowchart of Extended lintelligent I/O Service Operation 


Figure 6.5-2 shows the flowchart of extended intelligent I/O service operation. 


@ Flowchart of Extended Intelligent I/O Service Operation 


Figure 6.5-2 Extended Intelligent I/O Service Operation Flowchart 
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6.5.2 Flowchart of Extended Intelligent I/O Service Application 
Procedure 


Figure 6.5-3 shows the flowchart of extended intelligent I/O service (EI20S) application 
procedure. 


@ Flowchart of Extended Intelligent I/O Service Application Procedure 


Figure 6.5-3 Flowchart of Extended Intelligent I/O Service Application Procedure 
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6.6 


Interrupt Control Register (ICR) 


There are interrupt control registers (ICRs) in the interrupt controller. The number of 
ICRs is equivalent to the number of all I/Os (internal resource I/Os) that have the 
interrupt function. 


@ Functions of Interrupt Control Registers (ICRO to ICR15) 


Each interrupt control register (ICR) has the following three functions: 


¢ Sets the interrupt level of the associated internal resource. 


¢ Selects either normal interrupt or extended intelligent I/O service to be executed for the interrupt request 
from the associated internal resource. 


¢ Selects the channel for extended intelligent I/O service. 
Access to this register by read-modify-write instructions should not be performed, because it may cause 
faulty operation. 


@ Interrupt Control Register (ICR) Bit Configuration 


Figure 6.6-1 shows the configuration of the bits of the interrupt control register (ICR). 


Figure 6.6-1 Interrupt Control Register (ICR) 


00000111, when the 


control register (ICR) is reset. 


bit 15/7 14/6 13/5 12/4 11/3 10/2 9/1 8/0 
ICS3 ICS2 | ICS1/S1 | ICSO/SO ISE IL2 IL1 ILO interrupt 
W WwW 2 = R/W R/W R/W R/W 


*: "1" is read by read operation. 


Notes: 


ICS3 to ICSO are effective when the extended intelligent I/O service is activated. If the extended 
intelligent I/O service is activated, set the ISE bit to "1". If not, set this bit to "O". Unless the 
extended intelligent I/O service is activated, the settings of ICS3 to ICSO may be omitted. 


Only write is enabled for ISC1 and ICSO. Only read is enabled for S1 and SO. 
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6.7 Meanings of the Bits of Interrupt Control Register (ICR) 


The meanings of the bits of the interrupt control register (ICR) are as follows: 

e¢ Extended intelligent I/O service channel selection bits (ICSO to ICS3): 
Any combination of these bits specifies a channel for extended intelligent I/O 
service. 

e Extended intelligent I/O service end status (SO, S1): 
The combinations of SO and S1 bits indicate the end conditions of the 
extended intelligent I/O service. 

e Extended intelligent I/O service enable bit (ISE): 
This bit activates the extended intelligent I/O service. 

e Interrupt level setting bits (ILO to IL2): 
Any combination of these bits sets an interrupt level. 


@ Extended Intelligent I/O Service Channel Selection Bits 
(bit15 to bit12 or bit7 to bit4: ICSO to ICS3) 
These bits are used for write only and any combination of these bits specifies a channel for extended 
intelligent I/O service. A value set by these bits determines the address in the memory of the extended 
intelligent I/O service descriptor which is detailed later in this manual. All ICSs are initialized by reset. 
Table 6.7-1 lists the correspondence between ICSs bits, the channel numbers, and descriptor addresses. 


Table 6.7-1 Correspondence between ICS Bits, Channel Numbers, and Descriptor 
Addresses 


Selected channel Descriptor address 


0001004 


000108; 
000110; 


000118); 


0001204 


000128 


000130, 
0001385 


000140, 


0001485, 


0001505 


0001585 


000160; 
000168, 
000170;4 


0001785 
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@ Extended Intelligent I/O Service End Status (bit13, bit 12 or bit5, bit4: SO, S1) 


These bits are used for read only. By checking a value set by these bits at the end of the extended 
intelligent I/O service, you can know what the end condition was. After reset, any value becomes "00". 


Table 6.7-2 shows the relationship between the SO and S1 bit settings and the end conditions. 


Table 6.7-2 Extended Intelligent I/O Service End Status Bits (SO and S1) and End 
Conditions 


End condition 


Reserved 


End by count out 


Reserved 


End by the request from an internal resource 


@ Extended Intelligent I/O Service Enable Bit (bit11 or bit3: ISE) 


This bit is read and write enabled. If an interrupt request occurs with this bit set to "1", the extended 
intelligent I/O service is activated. If an interrupt request occurs with this bit set to "0", the interrupt 
sequence is activated. Furthermore, when any end condition for the extended intelligent I/O service is met 
(that is, S1 and SO bits are other than "00"), the ISE bit is cleared. If the associated internal resource is not 
provided with extended intelligent I/O service, the ISE bit must be set to "0" by software. The ISE bit is 
initialized to "0" by reset. 


@ Interrupt Level Setting Bits (bit10 to bit8 or bit2 to bit0: IL2 to ILO) 
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These bits are read and write enabled and any combination of these bits specifies an interrupt level of the 
associated internal resource. The setting is initialized to level 7 (no interrupt) by reset. Table 6.7-3 shows 


the relationship between the interrupt level setting bits and the interrupt levels. 
Table 6.7-3 Interrupt Level Setting Bits and Associated Interrupt Levels 
Level value 


0 (Highest priority) 


Vv 


6 (Lowest priority) 


7 (No interrupt) 
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6.8 Extended Intelligent I/O Service Descriptor (ISD) 


The extended intelligent I/O service descriptor (ISD) is allocated to the area of 000100,, 
through 00017F,, in the internal RAM. It consists of the followings: 


¢ Various types of control data for data transfer 
e Status data 
¢ Buffer address pointer 


@ Extended Intelligent I/O Service Descriptor (ISD) 


Figure 6.8-1 shows the configuration of the extended intelligent I/O service descriptor (ISD). 


Figure 6.8-1 Configuration of Extended Intelligent I/O Service Descriptor 


MSB LSB 


H 
i, 
(IOAL) 


Lower 8 bits of I/O address pointer 


000100), + 8 x ICS V 
ISD start address —> L 
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6.9 Registers of Extended Intelligent I/O Service Descriptor 


The extended intelligent I/O service descriptor (ISD) consists of the following registers: 


¢ Buffer address pointer (BAP) 

e¢ Extended intelligent I/O service status register (ISCS) 
e 1/O register address pointer (IOA) 

¢ Data counter (DCT) 


Note that these registers are undefined when reset. 


Buffer Address Pointer (BAP) 


The buffer address pointer (BAP) is a 24-bit register that holds an address to be used in the next transfer by 
extended intelligent I/O service. An independent buffer address pointer (BAP) exists for each extended 
intelligent I/O service channel. Thus, data transfer on each extended intelligent I/O service channel is 
possible between an arbitrary address among 16 Mbytes and I/O. 


Note: 


If the BF bit in the extended intelligent I/O service status register (ISCS) indicates "update enabled", 
only the lower 16 bits of BAP (BAPL) will change, but the upper 8 bits (BAPH) will not change. 


Extended Intelligent I/O Service Status Register (ISCS) 


The extended intelligent I/O service status register (ISCS) is a register of 8-bit length. It indicates whether 
the value is updated or fixed and incremental or decremental update is enabled regarding the buffer address 
pointer and the I/O register address pointer. In addition, it indicates the data format (byte/word) for transfer 
and the transfer direction. Figure 6.9-1 shows the configuration of the extended intelligent I/O service 
status register (SCS). 


Figure 6.9-1 Configuration of Extended Intelligent I/O Service Status Register (ISCS) 


bit 7 6 5 4 3 2 1 0 
Reserved|Reserved|Reserved| IF BW BF DIR SE_ | : ISCS (undefined when reset) 


Note: ISCS bit7 to bits must be coded with "0". 
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The contents of the bits of the ISCS register are as follows: 


@ bit4 (IF): Specifies whether the I/O register address pointer is updated or fixed. 


¢ 0: The I/O register address pointer is updated after the data transfer. 
e 1: The I/O register address pointer is not updated after the data transfer. 


Note: Only increment is enabled. 
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@ bit3 (BW): Specifies the data length for transfer. 


¢ 0: Byte 
e 1: Word 


@ bit2 (BF): Indicates whether the buffer address pointer is updated or fixed. 


¢ 0: The buffer address pointer is updated after the data transfer. 

e 1: The buffer address pointer is not updated after the data transfer. 

Note: If updated, only the lower 16 bits of the buffer address pointer will change. Only increment is 
enabled. 


@ biti (DIR): Specifies the data transfer direction. 


¢ 0: YO—- Buffer 
e 1: Buffer I/O 


@ bitO (SE): Controls the termination of the extended intelligent I/O service by the request from an 
internal resource. 


¢ 0: Does not terminate the extended intelligent I/O service by the request from an internal resource. 
e 1: Terminates the extended intelligent I/O service by the request from an internal resource. 
m@ I/O Register Address Pointer (IOA) 
The I/O register address pointer (IOA) is a register of 16-bit length. It indicates the lower digits of the 
address (A15 to AO) of the I/O register that transfers data between itself and the buffer. All upper positions 
of the address (A23 to A16) are coded with "0", and an arbitrary I/O address from 000000, to OOFFFF, 
can be specified in the upper positions. 
Figure 6.9-2 shows the configuration of the I/O register address pointer (IOA). 
Figure 6.9-2 Configuration of I/O Register Address Pointer (IOA) 


bit 15 14 13 12 11 10 9 8 YT 6 5 4 3 2 1 0 


A15|A14]A13]A12]A11 | A10] A09 | A08 | A07 | A06 | A05 | A04 | A03 | A02 | A01 | Ao0 |}: IOA (undefined when reset) 


@ Data Counter (DCT) 
The data counter (DCT) is a register of 16-bit length and holds the data count for transfer. Before each data 


is transferred, this counter is decremented by one. When this counter value becomes "0", the extended 


intelligent I/O service is terminated. 


Figure 6.9-3 shows the configuration of the data counter. 


Figure 6.9-3 Configuration of Data Counter (DCT) 


bit 15 14 13 12 11 10 9 8 YT 6 5 4 3 2 1 0 
B15| B14) B13|B12/B11 | B10 | BO9 | B08 | BO7 | B06 | B05 | B04 | BO3 | B02 | B01 | BOO}: DCT (undefined when reset) 
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6.10 Exception Processing 


Exception processing is basically the same as interrupts. Upon the detection of an 
exceptional event on a boundary between instructions, exception processing is 
performed apart from normal execution. Generally, exception processing occurs as a 
result of an unexpected action. Thus, it is recommended to use the exception 
processing feature only for debugging purposes or reactivating the software for 
recovery in case of emergency. 


@ Exception Occurrence because of the Execution of an Undefined Instruction 


F°MC-16LX handles all codes that have not been defined in the instruction map as undefined instructions. 


If an undefined instruction is executed, FMC-16LX performs a processing similar to "INT10" which is a 


software interrupt instruction. That is, the execution branches to a routine indicated by the interrupt 


number 10 vector, after the contents of the following eight components are saved into the system stack: 


Lower bits of accumulator (AL) 
Lower bits of accumulator (AH) 
Direct page register (DPR) 

Data bank register (DTB) 
Additional data bank register (ADB) 
Program bank register (PCB) 
Program counter (PC) 


Processor status (PS) 


Then, F7MC-16LX clears the interrupt enable flag (I flag) and sets the stack flag (S flag). The value of PC 
saved into the stack is that address of the location where the undefined instruction is stored. For 2-byte or 


longer instruction codes, it is that address of the location where the code identified as being undefined is 


stored. It is possible to make recovery by the RETI instruction, but the same exception recurs, so there is 


no point in making such recovery. 
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ADDRESSING 


This chapter describes addressing for the F2MC-16LX 
instructions. 

Addressing specifies the data to be used and an address. 
In F2MC-16LX, effective addressing or an used instruction 
code determines the address format (absolute address 
or relative address). When the address format is determined 
by the instruction code itself, an address must be specified 
in compliance with the used instruction code. 

Some instructions enable several types of addressing to 
be specified. 


7.1 Effective Address Field 
7.2 Direct Addressing 
7.3 Indirect Addressing 
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7.1 Effective Address Field 


Table 7.1-1 lists the address formats that may be specified in the effective address field. 


@ Effective Address Field 
Table 7.1-1 Effective Address Field 


Address format Default bank 
00 RO RWO RLO 
01 RI RWI (RLO) Register direct 
02 R2 RW2 RL1 
ve S onus See Each column corresponds to the address coding None 
04 R4 RW4 RL2 ee dvandt d jadi 
05 R5 RWS (RL2) in the byte, ayOE , and long word types 1n the 
06 R6 RW6 RL3 order left to right. 
07 R7_ | RW7_ | (RL3) 
08 @RWO DTB 
09 @RWI1 echeieenae DTB 
OA @RW2 egister indirec ADB 
06 @RW3 SPB 
0c @RWO + DTB 
oD @RWI1 + ee mee Te ; DTB 
OE @RW? + egister indirect with post-incremen ADB 
DE @RW3 + SPB 
10 @RWO + disp8 DTB 
11 @RW1 + disp8 me eaere ; a DTB 
12 @RW2 + disp8 Register indirect with 8-bit displacement ADB 
13 @RW3 + disp8 SPB 
14 @RW4 + disp8 DTB 
15 @RWS + disp8 Re ee babe . ned DTB 
16 @RW6 + disp8 Register indirect with 8-bit displacement ADB 
7 @RW7 + disp8 SPB 
18 @RWO + disp16 DTB 
19 @RW1 + disp16 fre tet used DTB 
1A @RW2 + disp16 Register indirect with 16-bit displacement ADB 
1B @RW3 + disp16 SPB 
1C @RWO + RW7 Register indirect with index DTB 
1D @RW1 +RW7 Register indirect with index DTB 
1E @PC + disp16 PC indirect with 16-bit displacement PCB 
1F addr16 Direct address DTB 
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7.2 Direct Addressing 


In direct addressing, a value, register, and address must be directly specified for the 
Operands. 


@ Direct Addressing 


@ Immediate data (#imm) 


Directly specify an operand value. There are four types of immediate data according to data length as 
below: 

¢ #imm4 

¢ #imm8 

« #imm16 

e¢ #imm32 


@ Register direct 


Directly specify a register for the operand. Registers that can be specified are as below: 

¢ General-purpose registers (Byte): RO, RI, R2, R3, R4, R5, R6, R7 
(Word): RWO, RW1, RW2, RW3, RW4, RWS, RW6, RW7 
(Long word): RLO, RLI, RL2, RL3 

¢ Dedicated registers (Accumulator): A, AL 


(Pointer): SP * 

(Bank): PCB, DTB, USB, SSB, ADB 
(Page): DPR 

(Control): PS, CCR, RP, ILM 


*: For SP, either user stack pointer (USP) or system stack pointer (SSP) is selected for use, according to 
the value of the S flag in the condition code register (CCR). For branch instructions, program 
counter (PC) is not described in the operand of the instruction, but it is automatically specified. 


@ Direct branch address (addr16) 


Directly specify an address to which the execution will branch by means of displacement. The address 
length with displacement is 16 bits and the address indicates the destination of the branch in the logical 
space. This addressing is applied to an unconditional branch instruction and a subroutine call instruction. 
bits 16 to 23 of the address are given by the program bank register (PCB). 


@ Physical direct branch address (addr24) 


Directly specify a physical address to which the execution will branch by means of displacement. The data 
length with displacement is 24 bits. This addressing is applied to an unconditional branch instruction, a 
subroutine call instruction, and a software interrupt instruction. 
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@ 1/0 direct (io) 


Directly specify a memory address in the operand by means of 8-bit displacement. Independently of the 
respective values for data bank register (DTB) and direct page register (DPR), the I/O space with physical 
addresses 000000}, to OOOOFFy is accessible. It is invalid to describe the bank select prefix to specify a 


bank before an instruction using this addressing. 


@ Abbreviated direct address (dir) 
Specify lower eight bits of a memory address in the operand. Bits 8 to 15 of the address are given by the 
direct page register (DPR). Bits 16 to 23 of the address are given by the data bank register (DTB). 

@ Direct address (addr16) 
Specify lower 16 bits of a memory address in the operand. Bits 16 to 23 of the address are given by the 
data bank register (DTB). 

@ 1/0 direct bit address (io:bp) 


Directly specify a bit within the range of physical addresses 000000, to OOOOFFY. Bit position is 


represented by :bp. The higher number is the most significant bit and the lower number is the least 
significant bit. 


@ Abbreviated direct bit address (dir:bp) 


Directly specify lower eight bits of a memory address in the operand. Bits 8 to 15 of the address are given 
by the direct page register (DPR). Bits 16 to 23 of the address are given by the data bank register (DTB). 
Bit position is represented by :bp. The higher number is the most significant bit and the lower number is 
the least significant bit. 


@ Direct bit address (addr16:bp) 


Directly specify an arbitrary bit within 64 Kbytes. Bits 16 to 23 of the address are given by the data bank 
register (DTB). Bit position is represented by :bp. The higher number is the most significant bit and the 
lower number is the least significant bit. 


@ Vector address (#vct) 


The address to which the execution will branch is determined by the content of the vector that is specified 
herein. The vector number data length may be either four bits or eight bits. This addressing is applied to a 
subroutine call instruction and a software interrupt instruction. 
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Indirect Addressing 


In indirect addressing, the data indicated by the operand you coded indirectly gives an 


address. 


@ Indirect Addressing 


@ Register indirect (@RWj j = 0 to 3) 


The register indirect addressing is used to access a memory location whose address is specified by the 
content of general-purpose register RWj. Bits 16 to 23 of the address are given by the data bank register 
(DTB) if RWO and RW1 are used, by the SPB if RW3 is used, and by the additional data bank register 
(ADB) if RW2 is used. 


@ Register indirect with post-increment (@RWj+ j = 0 to 3) 


This addressing is also used to access a memory location whose address is specified by the content of 
general-purpose register RWj. After the execution of the operand operation, RWj is incremented by the 
operand data length (1 for byte, 2 for word, and 4 for long word). Bits 16 to 23 of the address are given by 
the data bank register (DTB) if RWO and RWI are used, by the SPB if RW3 is used, and by the additional 
data bank register (ADB) if RW2 is used. 


If the value resulting from post-increment indicates the address of the increment-specified register itself, 
the value of this register is incremented when referred subsequently. Then, if a data write instruction is 
issued to the register, the priority is given to the data write instruction, so that the register value, which 
would otherwise be incremented, becomes the written data. 


@ Register indirect with displacement (@RWi+disp8 i = 0 to 7, @RWj+disp16 j = 0 to 3) 


This addressing is used to access a memory location whose address is specified by the displacement added 
to the content of general-purpose register RWj. Displacement may be either byte or word and is added as a 
signed value. Bits 16 to 23 of the address are given by the data bank register (DTB) if RWO, RW1, RW4, 
and RWS are used. Bits 16 to 23 are given by the SPB if RW3 and RW7 and by the additional data bank 
register (ADB) if RW2 and RW6 are used. 


@ Long register indirect with displacement (@RLi+disp8 i = 0 to 3) 


This addressing is used to access a memory location whose address is specified by the lower 24 bits that 
result from the displacement added to the content of general-purpose register RLi. Displacement is eight 
bits and added as a signed value. 


@ Program counter indirect with displacement (@PC+disp16) 


This addressing is used to access a memory location whose address is specified by (address of instruction + 
4 + disp16). Displacement is a word length. Bits 16 to 23 of the address are given by the program bank 
register (PCB). 


Note that respective operand addresses of the instructions listed next are not regarded as being (next 
instruction address + disp16): 
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¢ DBNZ eam, rel 

¢ DWBNQ eam, rel 

¢ CBNE eam, #imm8, rel 

¢ CWBNE eam, #imml16, rel 
« MOV eam, #imm8 

¢ MOVM - eam, #imm16 


@ Register indirect with base index (@ RWO+RW7, @RW1+RW7) 


This addressing is used to access a memory location whose address is specified by a value obtained by 
adding the content of RWO or RW1 to the content of general-purpose register RW7. Bits 16 to 23 of the 
address are given by the data bank register (DTB). 


@ Program counter relative branch address (rel) 


The address to which the execution will branch is determined by a value obtained by adding the 8-bit 
displacement to the value of the program counter (PC). If the result of the addition exceeds 16 bits, the 
bank register is not incremented or decremented and the part of excess is ignored. Consequently, the 
address falls within the closed bank of 64 Kbytes. This addressing is applied to an unconditional or 
conditional branch instruction. Bits 16 to 23 of the address are given by the program bank register (PCB). 


@ Register List (rist) 


This addressing specifies a register subjected to push/pop for the stack (see Figure 7.3-1 ). 


Figure 7.3-1 Configuration of Register List 


MSB LSB 
RW7 | RW6 | RW5 |; RW4 | RW3 | RW2 | RW1 | RWO 


When the bit is "1", the associated register is selected. When the bit is "0", 
the associated register is not selected. 


@ Accumulator indirect (@A) 


This addressing is used to access a memory location whose address is specified by the 16-bit content of the 
lower bytes of the accumulator (AL). Bits 16 to 23 of the address are given by the data bank register 
(DTB). 


@ Accumulator indirect branch address (@A) 


The address to which the execution will branch is determined by the 16-bit content for the lower bytes of 
the accumulator (AL). This address indicates the destination of the branch within the bank space. Bits 16 
to 23 of the address are given by the program bank register (PCB). In the case of the jump context (JCTX) 
instruction, however, bits 16 to 23 of the address are given by the data bank register (DTB). This 
addressing is applied to an unconditional branch instruction. 
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@ Indirectly specified branch address (@ear) 


The word data with the address specified by ear corresponds to the address to which the execution will 
branch. 


@ Indirectly specified branch address (@eam) 


The word data with the address specified by eam corresponds to the address to which the execution will 
branch. 
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CHAPTER 8 


INSTRUCTION OVERVIEW 


This chapter provides explanation for the items 
described in "CHAPTER 9 DETAILED EXECUTION 
INSTRUCTIONS" and what the symbols used therein 
stand for. 


8.1 Instruction Overview 
8.2 Symbols (Abbreviations) Used in Detailed Execution Instructions 
8.3 Effective Address Field 


8.4 Execution Cycles 
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8.1 Instruction Overview 


In "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS" the following items are 
described for each instruction. 


e Assembler format e Execution cycles 
¢ Operation e Correction value 
¢ CCR e Example 


e Byte count 


# Instruction Overview 


In "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS" the following items are described for each 
instruction. 


@ Assembler format 


The format for coding each instruction into an assembler source program is presented. 


¢ Upper case letters and symbols: Write them as they are into a source program. 
¢ Lower case letters: Rewrite them into a source program. 


¢ Number after a lower case letter: Indicates a bit width in the instruction. 


@ Operation 


The operation for registers and data by instruction execution is presented. 


@ CCR 


The status of each flag (I, S, T, N, Z, V and C) of the condition code register (CCR) is presented. 


e *: Denotes that the flag changes with the instruction execution. 


e -: Denotes that the flag does not change. 


Nn 


: Denotes that the flag is set with the instruction execution. 


¢ R: Denotes that the flag is reset with the instruction execution. 


@ Byte count 


The byte count of the instruction (machine language) after assembled is presented. 


@ Execution cycles 


The number of instruction execution cycles is presented. 


For the meaning of the letter symbol used in the table, which is presented for description of execution 
cycles, see Table 8.4-1. 


68 


CHAPTER 8 INSTRUCTION OVERVIEW 


@ Correction value 


A correction value used for calculating the number of instruction execution cycles is presented. For the 
meanings of the letter symbols ((b), (c), and (d)) used in the table, which is presented for description of 
correction values, see Table 8.4-2 . The number of instruction execution cycles is determined by the sum of 
a value given in the column of execution cycles and a value given in the column of correction value. 


@ Example 


An example of each instruction is presented. 


All numeric values of the data given in any example are hexadecimal numbers. Any numeric value of the 
data given in the operand represents a hexadecimal number with suffix (H). 
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8.2 Symbols (Abbreviations) Used in Detailed Execution 
Instructions 


Table 8.2-1 lists the symbols used in detailed execution instruction. 


@ Symbols (abbreviations) Used in Detailed Execution Instructions 


Table 8.2-1 Symbols (abbreviations) Used in Detailed Execution Instructions (1 / 2) 


32-bit accumulator 

The length of used bits varies depending on the instruction. 
Byte: Lower 8 bits of AL 
Word: 16 bits of AL 
Long word: 32 bits of AL and AH 


Upper 16 bits of A 
Lower 16 bits of A 


Stack pointer (USP or SSP) 


Program counter 


Program bank register 


Data bank register 
Additional data bank register 


System stack bank register 


User stack bank register 

Direct page register 

DTB, ADB, SSB, USB, DPR, PCB 

DTB, ADB, SSB, USB, DPR 

RO, RI, R2, R3, R4, R5, R6, R7 

RO, RI, R2, R3 

RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7 
RWO, RW1, RW2, RW3 

RLO, RL1, RL2, RL3 

Abbreviated direct addressing 


addr16 Direct addressing 

addr24 Physical direct addressing 
ad24 0-15 Bits 0 to 15 of addr24 
ad24 16-23 Bits 16 to 23 of addr24 


io 1/O area (000000, to OOOOFFy) 


imm4 4-bit immediate data 
imm8 8-bit immediate data 
imm16 16-bit immediate data 
imm32 32-bit immediate data 
ext (imm8) 16-bit data resulting from the signed extension of 8-bit immediate data 
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Table 8.2-1 Symbols (abbreviations) Used in Detailed Execution Instructions (2 / 2) 


Meaning 


8-bit displacement 
16-bit displacement 


Bit offset value 


Vector number (0 to 15) 
Vector number (0 to 255) 


Bit address 


Specifies a PC relative branch. 


Effective addressing (codes 00 to 07) 
Effective addressing (codes 08 to 1F) 


Register list 
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8.3 Effective Address Field 


Table 8.3-1 lists the address formats that may be specified in the effective address field. 


Hi Effective Address Field 


Table 8.3-1 Effective Address Field 


@RWO 
@RW1 
@RW2 
@RW3 


Address format 
Register direct 
ea corresponds to the address coding in the 


byte, word, and long word types in the 
order left to right. 


Register indirect 


Byte count of address 
extension * 


@RWO + 
@RWI1 + 
@RW2 + 
@RW3 + 


Register indirect with post-increment 


@RWO + disp8 
@RWI1 + disp8 
@RW2 + disp8 
@RW3 + disp8 
@RW4 + disp8 
@RWS5S + disp8 
@RW6 + disp8 
@RW7 + disp8 


@RWO + disp16 
@RW1 + disp16 
@RW2 + disp16 
@RW3 + disp16 


Register indirect with 8-bit displacement 


Register indirect with 16-bit displacement 


@RWO + RW7 
@RWI1 + RW7 
@PC + disp16 
addrl6 


*: The byte count of address extension corresponds to "#" (byte count) shown in the instruction list and "+" shown in the byte count field of 


each detailed instruction. 
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Register indirect with index 

Register indirect with index 

PC indirect with 16-bit displacement 
Direct address 
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8.4 Execution Cycles 


The number of cycles required for the execution of an instruction (execution cycles) is 
obtained by adding a "correction value", which is determined according to the 
condition, to the number of "cycles" specific to each instruction. However, actual 
instruction execution cycles may include the cycles required for reading the program in 
addition to the sum of "cycles" and a "correction value". 


@ Execution Cycles 


The number of cycles required for the execution of an instruction is obtained by adding up the number of 
"cycles" specific to each instruction, a "correction value", which is determined according to the condition, 
and "cycles" required for program fetch. 


When fetching a program stored in a memory connected to a 16-bit bus, such as built-in ROM, program 
fetch is performed each time the instruction under execution passes over a 2-byte (word) boundary. If data 
access interference occurs, it results in an increasing number of execution cycles. 


When fetching a program stored in a memory connected to an 8-bit bus, which is an external data bus, 
program fetch is performed per byte in the instruction under execution. If data access interference occurs, 
it results in an increasing number of execution cycles. 


During CPU intermittent operation, the access to a general-purpose register, built-in ROM, built-in RAM, 
built-in I/O or external bus causes the CPU clock to make a halt for a certain time. This CPU halt time is 
equivalent to the number of cycles specified by the CG1/CGO bit of the low power consumption mode 
control register. Therefore, the number of cycles required for the execution of an instruction during the 
CPU intermittent operation should be calculated differently. That is, add "a correction value" determined 
by "the number of times for access" x "cycles" for the CPU halt time to normal execution cycles. 
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# Calculating Execution Cycles 
Table 8.4-1 , Table 8.4-2 , and Table 8.4-3 provide the referenced information which may help you to 
calculate instruction execution cycles. 


Table 8.4-1 Execution Cycles Specific to Each Addressing Method of an Effective Address 
(a) * 


Number of times of register access 


Spang Execution cycles specific to specific to each addressing method 
each addressing method 


Ri 
RWi Presented in the instruction list. Presented in the instruction list. 
RLi 


@RWj 


@RWj + 


@RWi + disp8 


@RWO + RW7 

@RWI1 + RW7 

@PC + disp16 
addr16 


*: (a) is used in "~" (cycles) and "B" (correction value) in "APPENDIX B F’MC-16LX Instruction Lists (351 
Instructions)" as well as "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS". 


Table 8.4-2 Correction Values for Cycles Used for Calculating Actual Execution Cycles 


The The The 

Operand ane number of ane number of he number of 

number of : number of ‘ number of : 
cycles times of times of times of 


cycles cycles 
access access access 


Internal register 


Internal memory even address 
Internal memory odd address 


External data bus 16-bit even 
address 

External data bus 16-bit odd 
address 


External data bus 8-bit 


*: (b), (c), and (d) are used in "~" (cycles) and "B" (correction value) in "APPENDIX B F°MC-16LX Instruction Lists (351 Instructions)" 
as well as "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS". 


Note: For the application to external buses, the wait cycles for ready input and automatic ready must be added. 
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Table 8.4-3 Correction Values for Cycles Used for Calculating Program Fetch Cycles 


ae a ce 


External data bus 16-bit 
External data bus 8-bit +3 


Notes: « For the application to external buses, the wait cycles for ready input and automatic ready must 
be added. 
e Actually, all program fetches do not always cause the delay for the execution of an instruction. 
Thus, these correction values should be used to calculate the required execution cycles in the 
worst case. 
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CHAPTER 9 


DETAILED EXECUTION 
INSTRUCTIONS 


This chapter explains each of the execution instructions 
used by the assembler, in reference format. The 
execution instructions are presented in alphabetical 
order. 


9.1 Detailed Execution Instructions 
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9.1 Detailed Execution Instructions 


This section explains each of the execution instructions used by the assembler, in 
reference format. The execution instructions are presented in alphabetical order. 


@ Reading Detailed Execution Instructions 


For an explanation of each of the items and symbols (abbreviations) used in the explanation of each 
execution instruction, see "CHAPTER 8 INSTRUCTION OVERVIEW". 


For an explanation of the alphabetical characters (a), (b), (c), and (d) used in an explanation (table) of 
correction values and numbers of cycles, see Table 8.4-1 and Table 8.4-2 . 
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9.1.1 ADD (Add Byte Data of Destination and Source to 
Destination) 


Add the byte data specified by the second operand to the byte data specified by the first 
operand and store the result in the first operand. If the first operand is the accumulator 
(A), "0" are transferred to bits 8 to 15 of A. 


@ ADD (Add Byte Data of Destination and Source to Destination) 


@ Assembler format: 


ADD A,#imm8 ADD A, dir 


ADD A,ear ADD A,eam 

ADD ear,A ADD eam,A 
@ Operation: 

(First operand) < (First operand)+(Second operand) (Byte addition) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 2 Di 2 2+ 2 2+ 
Number of cycles 2 3 3 4+(a) 3 5+(a) 
Correction value 0 (b) 0 (b) 0 2x(b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


ADD A,0E021H 
In this example, the data (AB}) at address E021, is added to the least significant byte data (46})) of A. 


A| xXx xx AO 46 A|XXXxX  OOF1 
CCRIXX*XXX CCR|X 1000 
TNZVC TNZVC 
Memory Memory 
AB E021 AB E021 
Before execution After execution 
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9.1.2 ADDC (Add Byte Data of AL and AH with Carry to AL) 


Add the low-order byte data of AL, low-order byte data of AH, and carry bit (C) together 
and restore the result in AL. "0" are transferred to the high-order byte of AL. 


m@ ADDC (Add Byte Data of AL and AH with Carry to AL) 


@ Assembler format: 


ADDC A 


@ Operation: 


(AL) — (AH)+(AL)+(C) (Byte addition with a carry) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 
Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 


ADDC A 
In this example, the low-order byte data (05;;) of AH, low-order byte data (D4) of AL, and carry bit (0) 
are added together. 


Al 0505 00D4 Al 0505 OODg 
CCR|xX X X X 0 CCR|X 1000 
TNZVC TNZVC 
Before execution After execution 
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9.1.3 ADDC (Add Byte Data of Accumulator and Effective 
Address with Carry to Accumulator) 


Add the least significant byte data of the accumulator (A), byte data at the effective 
address, and carry bit (C) together and restore the result in the least significant byte of 
A. "0" are transferred to bits 8 to 15 of A. 


m@ ADDC (Add Byte Data of Accumulator and Effective Address with Carry to 
Accumulator) 
@ Assembler format: 


ADDC_ A,ear 
ADDC A,eam 


@Operation: 


(A) — (A)+(ea)+(C) (Byte addition with a carry) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 
First operand 


Second operand 


Number of bytes 


Number of cycles 


Number of accesses 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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ADDC_ A, 0E035H 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


In this example, the least significant byte data (46) of A, data (D5};) at address E035y,, and carry bit (1) 


are added together. 


A| XX XX 


AO 46 


CCR 


xxXXX 1 


Memory 


TNZVC 


D 5 


E035 


Before execution 


A| XX XX 


00 2C 


CCR 


Memory 


x000 1 


D 5 


TNZVC 


E035 


After execution 
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9.1.4 ADDCW (Add Word Data of Accumulator and Effective 
Address with Carry to Accumulator) 


Add the low-order word data (AL) of the accumulator (A), word data specified by the 
second operand, and carry bit (C) together and restore the result in the low-order word 
of A. 


m@ ADDCW (Add Word Data of Accumulator and Effective Address with Carry to 
Accumulator) 


@ Assembler format: 


ADDCW A, ear 
ADDCW A, eam 


@ Operation: 


(A) — (A)+(ea)+(C) (Word addition with a carry) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 
First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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ADDCW A,@RW0+ 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


In this example, the low-order word data (2068);) of A, address data (8952},) specified by RWO, and carry 
bit (1) are added together. 


A| XX XX 20 68 
RWO EO 24 CCR|X X X X 1 
TNZVC 
Memory 
8 9 E025 
5 2 F024 


Before execution 


RWO 


XxX XX A9 BB 
E026 CCR|xX 1000 
TNZVC 
Memory 
8 9 E025 
5 2 E024 


After execution 
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9.1.5 ADDDC (Add Decimal Data of AL and AH with Carry to 
AL) 


Add the low-order byte data of AL, low-order byte data of AH, and carry bit (C) together 
in decimal and restore the result in the low-order byte of AL. "0" are transferred to the 
high-order byte of AL. 


m@ ADDDC (Add Decimal Data of AL and AH with Carry to AL) 


@ Assembler format: 


ADDDC A 


@ Operation: 


(AL) — (AH)+(AL)+(C) (Decimal addition with a carry) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z: Set when the operation result is "0", cleared otherwise. 

V: Undefined 

Cc: Set when a carry has occurred as a result of the decimal operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 3 


Correction value: 0 


@ Example: 


ADDDC A 
In this example, the low-order byte data (62};) of AL, low-order byte data (58,,;) of AH, and carry bit (C) 


are added together in decimal operation. 


A| xXx62 XxX 58 A| Xx62 0020 
CCR|IXXxXxX0 CCR|IX 0 0X1 
TNZVC TNZVC 

Before execution After execution 
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9.1.6 ADDL (Add Long Word Data of Destination and Source to 
Destination) 


Add the long word data specified by the second operand to the long word data specified 
by the first operand and restore the result in the first operand. 


@ ADDL (Add Long Word Data of Destination and Source to Destination) 


@ Assembler format: 


ADDL A,#imm32 
ADDL A,ear ADDL A,eam 
@ Operation: 
(First operand) < (First operand)+(Second operand) (Long word addition) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 
First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
ADDL A,0E077H 
In this example, the data (357F41AB,,) at addresses E077, to EO7Ay, is added to the data (85B7A073},) of 
A. 
A| 85B7 . A073 A| BB36  E21E 
CCR|X XX XX CCR|X 1000 
TNZVC TNZVC 
Memory Memory 
3.5 EO7A 3.5 E07A 
7OF E079 7 OF E079 
4 1 E078 4 1 E078 
A B E077 A B E077 
Before execution After execution 
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9.1.7 ADDSP (Add Word Data of Stack Pointer and Immediate 
Data to Stack Pointer) 


Add 16-bit immediate data or the value resulting from sign-extending 8-bit immediate 
data to the word data pointed to by SP (stack pointer) and restore the result in SP. If the 
addition result exceeds 16 bits, an underflow occurs. 

CCR does not indicate whether an underflow has occurred. 


m@ ADDSP (Add Word Data of Stack Pointer and Immediate Data to Stack Pointer) 


@ Assembler format: 


(1) ADDSP #imm8 
(2) ADDSP #imm16 


@ Operation: 


(1) (SP) — (SP)+Sign-extended #imm8 (Word addition) 
(2) (SP) — (SP)+#imm16 (Word addition) 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


@ Example: 
ADDSP #89BAH 


In this example, 89BAy is added. The addition result exceeds 16 bits, causing an underflow. 


SP E2 A4 SP 6C 5E 
CCR} X0000 CCR} X0000 
TNZVC TNZVC 
Before execution After execution 
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9.1.8 ADDW (Add Word Data of AL and AH to AL) 


Add the word data of AH and that of AL together and restore the result to AL. 


m@ ADDW (Add Word Data of AL and AH to AL) 


@ Assembler format: 


ADDW A 


@ Operation: 


(AL) < (AH)+(AL) (Word addition) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
ADDW A 
In this example, a carry occurs, causing the carry flag to be set. 
Al 88A2 | 7F 23 Al 83A2 02C5 
CCR|X XX XX CCR|x 000 1 
TNZVC TNZVC 
Before execution After execution 
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9.1.9 ADDW (Add Word Data of Destination and Source to 
Destination) 


Add the word data specified by the second operand to the word data specified by the 
first operand and restore the result in the first operand. 


m@ ADDW (Add Word Data of Destination and Source to Destination) 


@ Assembler format: 


ADDW A,#imm16 

ADDW A,ear ADDW A,eam 

ADDW ear,A ADDW eam,A 
@ Operation: 

(First operand) < (First operand)+(Second operand) (Word addition) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a carry has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
ADDW @RWO0+1,A 
In this example, the low-order word data (CD04;;) of the accumulator is added to the address value 


(315Dy) specified by @RWO+1. 


A| Xx XxX CD04 A|xXxxXX |} CD04 


RWO E2A4 CCRIXXXxXX RWO E2 A4 CCR|x 1000 


TNZVC TNZVC 
Memory Memory 
3 1 E2A6 FE E2A6 
5 D E2A5 6 1 E2A5 
xX X E2A4 x X E2A4 
Before execution After execution 
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9.1.10 AND (And Byte Data of Destination and Source to 
Destination) 


Take the logical AND operation of the byte data specified by the first operand and the 
byte data specified by the second operand and restore the result in the first operand. 


@ AND (And Byte Data of Destination and Source to Destination) 


@ Assembler format: 


AND A,#imm8 
AND A,ear AND A,eam 
AND ear,A AND eam,A 
@ Operation: 
(First operand) < (First operand) and (Second operand) (Byte logical AND) 


The logical AND operation of the byte data specified by the first operand and the byte data specified by the 
second operand is taken on a bit-by-bit basis and the result is restored in the first operand. 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


AND 0052H,A 
In this example, the logical AND operation is taken of the address data (FAy) at 0052} and the least 


significant byte data (55;,) of the accumulator. 


A| XX XX 0055 A| XX XX 0055 
CCR|X X X X X CCR|x000x 
TNZVC TNZVC 
Memory Memory 
FA 0052 5 0 0052 
Before execution After execution 
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9.1.11 AND (And Byte Data of Immediate Data and Condition 
Code Register) 


Take the logical AND operation of the byte data of the condition code register (CCR) and 
8-bit immediate data and restore the result in CCR. 

In the logical AND operation, the most significant bit of the byte data is not taken into 
consideration. 


@ AND (And Byte Data of Immediate Data and Condition Code Register) 


@ Assembler format: 


AND CCR,#imm8 


@ Operation: 


(CCR) <— (CCR) and #imm8s (Byte logical AND) 


@ CCR: 


Stores bit 6 of the operation result. 


Stores bit 5 of the operation result. 
Stores bit 4 of the operation result. 
Stores bit 3 of the operation result. 
Stores bit 2 of the operation result. 


Stores bit 1 of the operation result. 


Q<t NN ZAHA UeR 


Stores bit 0 of the operation result. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 3 


Correction value: 0 
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@ Example: 
AND CCR,#57H 
In this example, the logical AND operation is taken of the value (0110101,) of the condition code register 
(CCR) and 57}. 


A| XX XX xX XxX A| XX XxX XxX XxX 

| S TN ZV C | S TN ZV C 

CCR|0O;}1/1/0/]1{0j] 1 CCR|}0/|0;1/]0;]1{|0/ 1 
ILM2 ILM1 ILMO ILM2 ILM1 ILMO 

ILM x|x|xX ILM x|x|xX 
MSB LSB MSB LSB 

RP |X|xX|X|X|xX RP |X|xX|X|xX|xX 

Before execution After execution 


96 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.12 | ANDL (And Long Word Data of Destination and Source to 
Destination) 


Take the logical AND operation for the long word data of the accumulator (A) and that 
specified by the second operand in a bit-by-bit basis and restore the result in A. 


@ ANDL (And Long Word Data of Destination and Source to Destination) 


@ Assembler format: 


ANDL A,ear ANDL A,eam 
@ Operation: 

(A) < (A) and (Second operand) (Long word logical AND) 
@ CCR: 


—. S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

Cc Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


ANDL A,OFFFOH 
In this example, the logical AND operation is taken of the long word data (8252FEAC),) of A and the data 
(FF55AA00;;) at OFFFO}, to OFFF3y, in a bit-by-bit basis. 


A| 8252 .FEAC A| 8250  AAOO 

CCR|X X X X X CCR|X 100x 

TNZVC TNZVC 
Memory Memory 

FOF FFF3 FOF FFF3 

5 5 FFF2 5 5 FFF2 

AA FFF1 AA FFF1 

0.0 FFFO 0 0 FFFO 

Before execution After execution 
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9.1.13 §ANDW (And Word Data of AH and AL to AL) 


Take the logical AND operation of the word data of AH and that of AL and restore the 
result in AL. 


@ ANDW (And Word Data of AH and AL to AL) 


@ Assembler format: 


ANDW A 


@ Operation: 
(AL) & (AH) and (AL) (Word logical AND) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
ANDW A 
In this example, the logical AND operation is taken of the word data (0426) of AH and word data 
(AB98};) of AL. 
Al 0426 ABQ8 A| 04 26 0000 
CCR|X XX XX CCR|xX010X 
TNZVC TNZVC 
Before execution After execution 
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9.1.14 |ANDW (And Word Data of Destination and Source to 
Destination) 


Take the logical AND operation of the word data specified by the first operand and the 
word data specified by the second operand and restore the reresult in the first operand. 


@ ANDW (And Word Data of Destination and Source to Destination) 


@ Assembler format: 


ANDW A,#imm16 

ANDW A,ear ANDW A,eam 

ANDW ear,A ANDW eam,A 
@ Operation: 

(First operand) < (First operand) and (Second operand) (Word logical AND) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


ANDW 0E001H,A 
In this example, the logical AND operation is taken of the word data (8342);) at addresses OEOO1, and 
OE002,, and the low-order word data (5963,) of the accumulator. 


A| XxX XX 5963 A| XX XX 5963 
CCR|X X XXX CCR|X 000X 
TNZVC TNZVC 
Memory Memory 
8 3 E002 oO 1 E002 
42 E001 42 E001 
Before execution After execution 
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9.1.15 ASR (Arithmetic Shift Byte Data of Accumulator to Right) 


Shift the least significant byte data of the accumulator (A) arithmetically to the right by 
the number of bits specified by the second operand. The most significant bit of the 
least significant byte data for A is not changed. The bit last shifted out from the least 
significant bit is stored in the carry bit (C) of the condition code register (CCR). 


@ ASR (Arithmetic Shift Byte Data of Accumulator to Right) 


@ Assembler format: 


ASR A,RO 


@ Operation: 


MSB LSB C T y 


@ CCR: 


Tand S: Unchanged 


T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared 
otherwise. Also cleared when the shift amount is "0". 


N Set when the MSB of the shifting result is "1", cleared otherwise. 

Z: Set when the shifting result is "0", cleared otherwise. 

Vv Unchanged 

C Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO) 


Correction value: 0 
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@ Example: 
ASR A,RO 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


In this example, the least significant byte data (96;;) of A is shifted arithmetically to the right by three bits. 


A| XX XX xX 96 
Ro| 03 |CCR|X XX XX 
TNZVC 


Before execution 


A| XX XX XX F2 
Ro| 03 |CCR|1 10x 1 
TNZVC 


After execution 
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9.1.16 ASRL (Arithmetic Shift Long Word Data of Accumulator 
to Right) 


Shift the long word data of the accumulator (A) arithmetically to the right by the number 
of bits specified by the second operand. The most significant bit of A is not changed. 
The bit last shifted out from the least significant bit is stored in the carry bit (C) of the 
condition code register (CCR). 


@ ASRL (Arithmetic Shift Long Word Data of Accumulator to Right) 


@ Assembler format: 


ASRL A,RO 


@ Operation: 


@ CCR: 


Tand S: Unchanged 


T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared 
otherwise. Also cleared when the shift amount is "0". 


N Set when the MSB of the shifting result is "1", cleared otherwise. 

Z Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 

C Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 6 + (RO) 


Correction value: 0 
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@ Example: 
ASRL A,RO 


In this example, the long word data (12345678) of A is shifted arithmetically to the right by two bits. 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


A 12 34 


56 78 


RO 


CCR 


x XxXxX0 


TNZVC 


Before execution 


A 04 8D 


15 9E 


RO 


CCR 


0 2 


100 x0 


TNZVC 


After execution 
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9.1.17 ASRW (Arithmetic Shift Word Data of Accumulator to 
Right) 


Shift the low-order word data of the accumulator (A) arithmetically to the right by one 
bit. The most significant bit of the low-order word data for A is not changed. The bit 
shifted out from the least significant bit is stored in the carry bit (C). 


@ ASRW (Arithmetic Shift Word Data of Accumulator to Right) 


@ Assembler format: 


ASRW A 
@ Operation: 
MSB LSB Cc T 
L> => —> — 

A 1 

Tand S: Unchanged 

T: Set when the old carry value is equal to "1" or the old T value is equal to "1", cleared 

otherwise. 


N Set when the MSB of the shifting result is "1", cleared otherwise. 
Z Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 

C Stores the bit shifted out from the LSB of A. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 
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@ Example: 
ASRW A 


In this example, the low-order word data (A096},) of A is shifted arithmetically to the right by one bit. 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


A| XX XX 


AO 96 


CCR|O X XX 1 


TNZVC 


Before execution 


A XX XX  DO4B 


CCR|110x0 


TNZVC 


After execution 
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9.1.18 ASRW (Arithmetic Shift Word Data of Accumulator to 
Right) 


Shift the low-order word data of the accumulator (A) arithmetically to the right by the 
number of bits specified by the second operand. The most significant bit of the low- 
order word data for A is not changed. The bit last shifted out from the least significant 
bit is stored in the carry bit (C) of the condition code register (CCR). 


@ ASRW (Arithmetic Shift Word Data of Accumulator to Right) 


@ Assembler format: 


ASRW A,RO 


@ Operation: 


@ CCR: 


Tand S: Unchanged 


T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared 
otherwise. Also cleared when the shift amount is "0". 


N Set when the MSB of the shifting result is "1", cleared otherwise. 
Z Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 
C 


Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of states: 6 when (RO) is equal to 0; otherwise, 5 + (RO) 


Correction value: 0 
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@ Example: 
ASRW A,RO 


In this example, the low-order word data (A096},) of A is shifted arithmetically to the right by two bits. 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


A| XX XX AO 96 
RO| 02 | CCR|X XXX 0 
TNZVC 


Before execution 


A| XX XX E8 25 
Ro] o2 |CCR|O 10x 1 
TNZVC 


After execution 
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9.1.19 |BBcc (Branch if Bit Condition satisfied) 


Cause a branch if the bit data specified by the first operand satisfies the condition. 
Control is transferred to the address resulting from word-adding the sign-extended 
data, specified by the second operand, to the address of the instruction following the 
BBcc instruction. 


@ BBcc (Branch if Bit Condition satisfied) 


@ Assembler format: 


BBC <First operand>,rel BBS <First operand>,rel 


@ Operation: 


If the condition is satisfied: (PC) <— (PC) + <Number of bytes> + rel 


(PC) — (PC)+<Number of bytes> 


(Word addition) 


If the condition is not satisfied: (Word addition) 


@ CCR: 


— S, T, and N:Unchanged 
Z: Set when the bit data is "0"; cleared when "1". 
V and C: 


Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


BBcc 


BBC 


BBS 


Condition 


First 
operand 


addr16:bp 


Bit data = 0 


addr16:bp 


Bit data = 1 


Number of 


bytes 


Number of 


cycles oe 


Correction 


> 
value “2 


If a branch is 
taken: 8 
If a branch is 
not taken: 7 


If a branch is 
taken: 8 
If a branch is 
not taken: 7 


If a branch is 
taken: 7 
If a branch is 
not taken: 6 


If a branch is 
taken: 8 
If a branch is 
not taken: 7 


If a branch is 
taken: 8 
If a branch is 
not taken: 7 


If a branch is 
taken: 7 
If a branch is 
not taken: 6 


*1: “Tf a branch is taken” indicates the number of cycles assumed if a branch is taken. “If a branch is not taken” indicates 
the number of cycles assumed if a branch is not taken. 
*2: For the explanation of (b) in the table, see Table 8.4-2 . 
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@ Example: 
BBC 1234H:7,12H 


In this example, a branch is taken if bit 7 of the data at memory address 1234), is equal to "0" (condition 


satisfied). 
pc | £100 + (12 + number of bytes 5)—> PC | E117 
Memory Memory 
x x x xX 
7 F |1234 : bit7 =0 7 F_ | 1234 
x x x xX 


Before execution After execution 
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9.1.20 Bec (Branch relative if Condition satisfied) 


Each instruction causes a branch if the condition determined for that instruction is 
satisfied. Control is transferred to the address resulting from word-adding the sign- 
extended data, specified by the operand, to the address of the instruction following the 
BBcc instruction. 


@ Bcc (Branch relative if Condition satisfied) 


@ Assembler format: 


BZ/BEQ rel BNZ/BNE _ rel 

BC/BLO rel BNC/BHS rel 

BN rel BP rel 

BV rel BNV rel 

BT rel BNT rel 

BLT rel BGE rel 

BLE rel BGT rel 

BLS rel BHI rel 

BRA rel 
@ Operation: 

If the condition is satisfied: (PC) — (PC)+2+rel (Word addition) 

If the condition is not satisfied: (PC) — (PC)+2 (Word addition) 
@ CCR: 


None of the flags is changed. 
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@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 3 when branching is not performed, 4 otherwise. 


Correction value: 0 


Branch instruction and condition: 


BZ/ | BNZ/ | BC/ | BNC/ 
satisfied 


@ Example: 


BHI 50H 


In this example, a branch is taken if either C or Z or both of the condition code register (CCR) are equal to 
"0" (condition satisfied). 


PC| E2 00 |————— +(2+50) > PC| E2 52 

CCR /0 1010 ee ree CCR |0 1010 

TNZVC TNZVC 
Before execution After execution 
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9.1.21 CALL (Call Subroutine) 


Cause a branch to the address specified by the operand. By executing the RET 
instruction in the subroutine to which control has been transferred, control returns to 
the instruction following the CALL instruction. 


@ CALL (Call Subroutine) 


@ Assembler format: 


CALL @ear CALL @eam 
CALL addr16 


@ Operation: 


(SP) — (SP)—2 (Word subtraction), ((SP)) < (PC)+<Number of bytes> 
(PC) — <Operand> 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 

CALL @RWO 

PC| E5 58 PC| DC 08 

RWO| F3 40 SP 0124 RWO| F3 40 SP 0122 
Memory Memory 
DC F341 DC F341 
0 8 F340 0 8 F340 

SP xX X 0124 x X | 0124 
xX xX 0123 E 5 0123 
x xX 0122 SP> 5 A 0122 


Before execution 


After execution 
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9.1.22 |CALLP (Call Physical Address) 


Cause a branch to the physical address specified by the operand. The program bank 
register (PCB) stores the most significant byte of the data specified by the operand. By 
executing the RETP instruction in the subroutine to which control has been transferred, 
control returns to the instruction following the CALLP instruction. 


@ CALLP (Call physical Address) 


@ Assembler format: 


CALLP @ear CALLP @eam 
CALLP addr24 


@ Operation: 


(SP) — (SP)—2 (Word subtraction), ((SP)) < (PCB) (Zero extension) 
(SP) — (SP)-2 (Word subtraction), ((SP)) < (PC)+<Number of bytes> 
(PCB) < Physical address to branch to (High-order byte) 

(PC) < Physical address to branch to (Low-order word) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 
Number of bytes 2 2+ 4 
Number of cycles 10 11+(a) 10 
Correction value 2x(c) 3x(c)+(b) 2x(c) 


For the explanation of (a), (b), and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


CALLP 080711H 


In this example, the most significant byte (08;;) of the operand is set in the program bank register (PCB). 


PC 43 45 SP F900 PC 07 11 SP F8 FC 
PCB |} AD USB | 15 PCB | 08 USB | 15 
CCR|IX0OX*XXXxX CCR|IXO0OX*XXX*X 
I|STNZVC ISTNZVC 
Memory Memory 
SP xX X 15F900 xX X 15F900 
x xX 15F8FF 00 15F8FF 
xX xX 15F8FE A D 15F8FE 
xX &X 15F8FD 4 3 15F8FD 
x xX 15F8FC SP 49 15F8FC 
Before execution After execution 
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9.1.23 CALLV (Call Vectored Subroutine) 


Cause a branch to the address pointed to by the interrupt vector specified by the 
operand. By executing the RET instruction in the subroutine to which control has been 
transferred, control returns to the instruction following the CALLV instruction. The RET 
instruction is the same as that used with the CALL instruction. 


@ CALLV (Call Vectored Subroutine) 


@ Assembler format: 


CALLV #vct4 


@ Operation: 


(SP) — (SP)—2 (Word subtraction) ((SP)) < (PC) +1 
(PC) — Vector address 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 7 
Correction value: 2x(c) 


Note: For the explanation of (c), see Table 8.4-2 . 


Note: 
When the value of the program bank register (PCB) is equal to "FF", the vector area is also used as 


the vector area for INT #vct8 (#0 to #7). Caution must, therefore, be exercised when the area is 
used. (See Table 9.1-1 .) 


118 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
CALLV #15 
PC| F4A7 | SP| 0102 PC | E154 | SP | 0100 

Memory Memory 
E 1 FFE1 E 1 FFE1 
5 4 FFEO 5 4 FFEO 

SP X X 0102 xX xX 0102 
x xX 0101 F 4 0101 
x X | 0100 SP>_A 8 0100 


Before execution 


After execution 


Table 9.1-1 CALLV Vector List 


Instruction 


CALLYV #0 


Vector address L 


XXFFFEy 


Vector address H 


XXFFFFy 


CALLV #1 


XXFFFCy 


XXFFFDy 


CALLYV #2 


XXFFFAy 


XXFFFBy 


CALLYV #3 


XXFFF8y 


XXFFF9,; 


CALLYV #4 


XXFFF6y; 


XXFFF7 


CALLYV #5 


XXFFF4; 


XXFFF5y; 


CALLYV #6 


XXFFF2y 


XXFFF3y; 


CALLYV #7 


XXFFF0, 


XXFFF1 


CALLYV #8 


XXFFEE} 


XXFFEFy 


CALLYV #9 


XXFFECy 


XXFFEDy 


CALLYV #10 


XXFFEA} 


XXFFEBy 


CALLYV #11 


XXFFE8} 


XXFFE9}; 


CALLV #12 


XXFFE6y 


XXFFE7} 


CALLYV #13 


XXFFE4y, 


XXFFE5y 


CALLV #14 


CALLYV #15 


XXFFE2y; 


XXFFEO}; 


XXFFE3y 


XXFFE1}; 


Note: 


XX is replaced by the value of the PCB register. 
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9.1.24 | CBNE (Compare Byte Data and Branch if not equal) 


Perform byte comparison on the first and second operands (8-bit immediate data) and 
cause a branch if the first and second operands are not equal. Control is transferred to 
the address equal to the address of the instruction following the CBNE instruction plus 
the word value resulting from sign-extending the third operand. A branch is not taken if 
the first and second operands are equal. 

Note that, when the first operand is @PC + disp16, the operand address is equal to the 
"address of the location containing the machine instruction for the CBNE instruction + 4 
+ disp16", not the "address of the location containing the machine instruction for the 
instruction following the CBNE instruction 4 + disp16". 


m@ CBNE (Compare Byte Data and Branch if not equal) 


@ Assembler format: 


CBNE A,#imm§8,rel 
CBNE ear,#imm§8,rel 
CBNE eam,#imm8,rel 


@ Operation: 


(First operand)4imm8 (Byte comparison) :(PC) < (PC)+<Number of bytes>+rel 
(First operand)=imm8 (Byte comparison) :(PC) < (PC)+<Number of bytes> 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the compare operation result is "1", cleared otherwise. 

Z: Set when (First operand) = imm8, cleared otherwise. 

V: Set when an overflow has occurred as a result of the compare operation, cleared 
otherwise. 

C: Set when a borrow has occurred as a result of the compare operation, cleared otherwise. 
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@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Number of bytes 


3 


Naiiienaneaes If a branch is taken: 5 If a branch is taken: 13 
y If a branch is not taken: 4 If a branch is not taken: 12 


If a branch is taken: 7+(a) 
If a branch is not taken: 6+(a) 


Correction value 


0 


0 


(b) 


*: @Rwj+ addressing cannot be used in eam. If such code is executed, +4 is added to the contents of Rw]. 
For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


@Example: 
CBNE | A, #0F4H,55H 


In this example, (First operand) # Second operand (8-bit immediate data) is indicated. 


A| XX XX 00 F3 


PC E310 
CCR|X XX XX 
TNZVC 


Before execution 


FaHeF4H ——) 


+(554+Number of bytes: 3) —> PC 


CCR|X 100 1 


A| XX XX 


00 F3 


E3 68 


TNZVC 


After execution 
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9.1.25 CLRB (Clear Bit) 


Clear the bit specified by bp to "0", in the memory location specified by the operand. 


m@ CLRB (Clear Bit) 


@ Assembler format: 


CLRB dir:bp 
CLRB io:bp 
CLRB addr16:bp 


@ Operation: 


(Operand) b <— 0 (Bit transfer) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (b) in the table, see Table 8.4-2 . 


@ Example: 


CLRB OAA55H:3 
In this example, bit 3 of the data (FFj;) at address AA55y, is cleared to "0". 


Memory Memory 
xX X xX Xx 
FOF AA55 F 7 AA55 
xX Xx xX Xx 
Before execution After execution 
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9.1.26 CMP (Compare Byte Data of Destination and Source) 


Compare the byte data specified by the first operand with that specified by the second 
operand and set the flag changes in the condition code register (CCR). The data 
specified by the first operand and that by the second operand are not changed. 

If only the accumulator (A) is specified as an operand, AH and AL are compared. 


= CMP (Compare Byte Data of Destination and Source) 


@ Assembler format: 


(1) CMP A,#imm8 


CMP A,ear CMP A,eam 
(2) CMPA 
@ Operation: 
(1) (First operand)—(Second operand) (Byte comparison) 
(2) (AH)+AL) (Byte comparison) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


CMP A,#7FH 
In this example, the least significant byte data (22;,) of A is compared with 7Fy. 


A| XX XX A022 A| XX XX AO 22 
CCR|XXxXxX CCR[X 100 1 
TNZVC TNZVC 
Before execution After execution 
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9.1.27  CMPL (Compare Long Word Data of Destination and 
Source) 


Compare the long word data specified by the first operand with that specified by the 
second operand and set the result in the condition code register (CCR). The data 
specified by the first operand and that specified by the second are not changed. 


m@ CMPL (Compare Long Word Data of Destination and Source) 


@ Assembler format: 


CMPL A,#imm32 
CMPL A,ear CMPL A,eam 


@ Operation: 


(First operand)—(Second operand) (Long word comparison) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
CMPL A,#12345678H 
A| 1234 5678 A| 1234 5678 
CCR|X XX XX CCR|x 0100 
TNZVC TNZVC 
Before execution After execution 
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9.1.28 ©CMPW (Compare Word Data of Destination and Source) 


Compare the word data specified by the first operand with that specified by the second 
operand and set the result in the condition code register (CCR). The data specified by 
the first operand and that specified by the second operand are not changed. 

If only A is specified as an operand, AH and AL are compared. 


m= CMPW (Compare Word Data of Destination and Source) 


@ Assembler format: 


(1) CMPW A,#imm16 


CMPW A,ear CMPW A,eam 
(2) CMPWA 
@ Operation: 
(1) (First operand)—(Second operand) (Word comparison) 
(2) (AH)-(AL) (Word comparison) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
CMPW A,RWO 
In this example, the low-order word data (ABCD y) of A is compared with the data (ABCC})) specified by 
RWO. 
A| XxX XX ABCD Al xxx 1 AB COD 
RWO|} AB CC Rwo| ABCC 
CCR|X X XXX CCR|X 0000 
TNZVC TNZVC 
Before execution After execution 
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9.1.29 CWBNE (Compare Word Data and Branch if not Equal) 


Perform word comparison on the first and second operands (16-bit immediate data) and 
cause a branch if the first and second operands are not equal. Control is transferred to 
the address equal to the address of the instruction following the CWBNE instruction 
plus the word data resulting from sign-extending the third operand. A branch is not 
taken if the first and second operands are equal. 

Note that, when the first operand is @PC + disp16, the operand address is equal to the 
"address of the location containing the machine instruction for the CWBNE instruction + 
4 + disp16", not the "address of the location containing the machine instruction for the 
instruction following the CWBNE instruction + disp16". 


m@ CWBNE (Compare Word Data and Branch if not Equal) 


@ Assembler format: 


CWBNE A,#imm16,rel 
CWBNE ear,#imm16,rel 
CWBNE eam,#imm16,rel 


@ Operation: 


(First operand)4imm16 (Word comparison) : (PC) <— (PC)+<Number of bytes>+rel 
(First operand)=imm16 (Word comparison) : (PC) < (PC)+<Number of bytes> 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the comparison result is "1", cleared otherwise. 

Z: Set when (First operand) = #imm16, cleared otherwise. 

V: Set when an overflow has occurred as a result of the compare operation, cleared 
otherwise. 

C: Set when a borrow has occurred as a result of the compare operation, cleared otherwise. 
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@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Number of bytes 


Namibenueiieles If a branch is taken: 5 If a branch is taken: 8 : Heme acre, 
— If a branch is not taken: 4 If a branch is not taken: 7 e ea ai 


Correction value (c) 


*: @Rwj+ addressing cannot be used in eam. If such code is executed, +4 is added to the contents of Rwj. 
For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
CWBNE A,#0ESE5H,30H 
In this example, (First operand) 4 imm16. 
A| XX XX  5EE5 A| XX XX  5EE5 
PC| D856 PC| D8 8A 
CCR|X X XXX CCR|X 0000 
TNZVC TNZVC 
Before execution After execution 
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9.1.30 |DBNZ (Decrement Byte Data and Branch if not "0") 


Decrement the data specified by the first operand by one byte, and if the result is not 
equal to "0", a branch is generated. Control is transferred to the address equal to the 
address of the instruction following the DBNZ instruction plus the word data resulting 
from sign-extending the data specified by the second operand. If the decrement result 
is equal to "0", control is transferred to the next instruction. 

Note that, when the first operand is @PC + disp16, the operand address is equal to the 
"address of the location containing the machine instruction for the DBNZ instruction + 4 + 
disp16", not the "address of the location containing the machine instruction for the 
instruction following the DBNZ instruction + disp16". 


m@ DBNZ (Decrement Byte Data and Branch if not "0") 


@ Assembler format: 


DBNZ ear,rel DBNZ eam,rel 


@ Operation: 


(ea) < (ea)-1 (Byte subtraction) 
if (ea) #0 : (PC) — (PC)+<Number of bytes>+rel 
if (ea) = 0: (PC) — (PC)+<Number of bytes> 


@ CCR: 


= S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Number of bytes 3 


If a branch is taken: 7 If a branch is taken: 8+(a) 


Mum beroreycles If a branch is not taken: 6 If a branch is not taken: 7+(a) 


Correction value 0 2x(b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


DBNZ @RW0+2,40H 


In this example, (First operand) - 1 # 0 is shown. 


PC| E358 PC} E38 9C 
RWO 0120 RWO|} 01 20 
CCR[0 0101 CCR/0 0001 
TNZzVC TNZVC 
Memory Memory 
RW0+2-4, O 38 0122 RW0+2—) O 2 
x xX 0121 xX xX 
xX xX 0120 xX xX 
Before execution After execution 


0122 
0121 
0120 
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9.1.31 DEC (Decrement Byte Data) 


Decrement the byte data specified by the operand by one and store the result in the 


operand. 


m@ DEC (Decrement Byte Data) 


@ Assembler format: 


DEC ear 


@ Operation: 


(ea) — (ea)-l 


@ CCR: 


DEC eam 


(Byte subtraction) 


— S, and T: 


N: 


Z 
V: 
Cc 


Unchanged 

Set when the MSB of the operation result is "1", cleared otherwise. 

Set when the operation result is "0", cleared otherwise. 

Set when an overflow has occurred as a result of the operation, cleared otherwise. 


Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
DEC RI 


ri [80 | rt L7E | 


CCRIXXXXX CCR|x001xX 
TNZVC TNZVC 
Before execution After execution 
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9.1.32 | DECL (Decrement Long Word Data) 


Decrement the long word data specified by the operand by one and restore the result in 
the operand. 


@ DECL (Decrement Long Word Data) 


@ Assembler format: 


DECL ear DECL eam 
@ Operation: 

(ea) — (ea)-l (Long word subtraction) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
DECL RLO 
RLO 0000 1000 RLO 00 00 OF FF 
CCR|IXX* XXX CCRIx000x 
TNZVC TNZVC 
Before execution After execution 
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9.1.33 | DECW (Decrement Word Data) 


Decrement the word data specified by the operand by one and restore the result in the 
operand. 


m@ DECW (Decrement Word Data) 


@ Assembler format: 


DECW ear DECW eam 
@ Operation: 
(ea) — (ea)-l (Word subtraction) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


DECW @RW0+1000H 


RWO 


67 80 


CCR 


XXXKXXKX 


TNZVC 


Memory 
0 0 


RW0+1000H—> 


0 1 


x xX 


7781 
7780 
777F 


Before execution 


136 


RWO 


67 80 


CCR|X001X 


RW0+1000H—> 


TNZVC 


Memory 
0 0 


0 0 


x xX 


After execution 


7781 
7780 
777F 
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9.1.34 DIV (Divide Word Data by Byte Data) 


Divide the word data specified by the first operand by the byte data specified by the 
second operand and store the quotient (byte data) in the first operand and the 
remainder (byte data) in the second operand. The operation assumes that the values 
are signed ones. 

If only A is specified by an operand, the word data of AH is divided by the byte data of 
AL and the quotient (byte data) is stored in AL and the remainder (byte data) in AH. The 
operation assumes that the values are signed ones. 

If division by "0" occurs, the second operand or AL retains the value it had immediately 
before the instruction was executed. If an overflow occurs, the contents of AL are 
destroyed. 


@ DIV (Divide Word Data by Byte Data) 


@ Assembler format: 


(1) DIV A,ear DIV A,eam 
(2) DIVA 
@ Operation: 


(1) Word (A)/Byte (ea), Quotient > Byte (A), Remainder > Byte (ea) 
(2) Word (AH)/Byte (AL), Quotient > Byte (AL), Remainder — Byte (AH) 


@ CCR: 


— S, T, N, and Z: Unchanged 


V: Set when an overflow has occurred as a result of the operation or the divisor is "0", 
cleared otherwise. 


C: Set when the divisor is "0", cleared otherwise. 
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@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 2; 


DIV A, ear 


2 


DIV A, eam 


2+ 


Division by zero: 3 
Overflow: 8 or 18 
Normal termination: 18 


Number of cycles 


Division by zero: 4 
Overflow: 11 or 22 
Normal termination: 23 


Division by zero: 5+(a) 
Overflow: 12+(a) or 23+(a) 
Normal termination: 24+(a) 


Correction value 0 


0 


ok 


*: (b) when division by zero or an overflow occurs; 2 x (b) when the instruction terminated normally. 


For the explanation of (a) in the table and (b) in "*", see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
DIVA 
AH AL AH AL 
A 13 57 00 AA A 00 31 EC D8 


CCRIXX XXX 
TNZVC 
Before execution 


CCR |X X X 0 0 


TNZVC 


After execution 
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9.1.35 | DIVW (Divide Long Word Data by Word Data) 


Divide the long word data specified by the first operand (A) by the word data specified 
by the second operand and store the quotient (word data) in A and the remainder (word 
data) in the second operand. The operation assumes that the values are signed ones. 
If division by "0" occurs, the second operand or AL retains the value it had immediately 
before the instruction was executed. If an overflow occurs, the contents of AL are 
destroyed. 


@ DIVW (Divide Long Word Data by Word Data) 


@ Assembler format: 


DIVW A,ear DIVW A,eam 


@ Operation: 


Long word (A)/Word (ea), Quotient > Word (A), Remainder > Word (ea) 


@ CCR: 


— S, T, N, and Z: Unchanged 


V: Set when an overflow has occurred as a result of the operation or the divisor is "0", 
cleared otherwise. 


C: Set when the divisor is "0", cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand DIVW A, ear DIVW A, eam 


Sign of the dividend Minus 


Number of bytes 2+ 2+ 


Division by zero: 5+(a) | Division by zero: 5+(a) 

Overflow: 12+(a) or Overflow: 12+(a) or 
31+(a) 32+(a) 

Normal termination: Normal termination: 
32+(a) 33+(a) 


Division by zero: 4 _| Division by zero: 4 

Overflow: 11 or 30 | Overflow: 12 or 31 

Normal termination: | Normal termination: 
31 32 


Number of cycles 


Correction value * * 


*: (c) when division by zero or an overflow occurs; 2 x (c) when the instruction terminated normally. 


For the explanation of (a) in the table and (c) in "*", see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
DIVW A,7254H 
AH AL AH AL 

A| 0000 1357 A| 0000  001D 
CCR|IXX XXX CCR|X XX 0 0 
TNZVC TNZVC 

Memory Memory 
0 0 7255 0 0 7255 
A A 7254 15 7254 
Before execution After execution 
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9.1.36 |DIVU (Divide unsigned Word Data by unsigned Byte 
Data) 


Divide the word data specified by the first operand by the byte data specified by the 
second operand and store the quotient (byte data) in the first operand and the 
remainder (byte data) in the second operand. The operation assumes that the values 
are unsigned ones. 

If only A is specified by an operand, the word data of AH is divided by the byte data of 
AL and the quotient (byte data) is stored in AL and the remainder (byte data) in AH. The 
operation assumes that the values are unsigned ones. 

If an overflow or division by "0" occurs, the second operand or AL retains the value it 
had immediately before the instruction was executed. 


@ DIVU (Divide unsigned Word Data by unsigned Byte Data) 


@ Assembler format: 


(1) DIVU A,ear DIVU A,eam 
(2) DIVUA 
@ Operation: 


(1) Word (A)/Byte (ea), Quotient > Byte (A), Remainder > Byte (ea) 
(2) Word (AH)/Byte (AL), Quotient > Byte (AL), Remainder — Byte (AH) 


@ CCR: 


— S, T, N, and Z: Unchanged 


V: Set when an overflow has occurred as a result of the operation or the divisor is "0", 
cleared otherwise. 


C: Set when the divisor is "0", cleared otherwise. 
@ Number of bytes, Number of cycles, and Correction value: 


Assembler format DIVU A, ear DIVU A, eam 


Number of bytes 1 2 2+ 


Division by zero: 3 Division by zero: 4 Division by zero: 6+(a) 
Number of cycles Overflow: 7 Overflow: 8 Overflow: 9+(a) 
Normal termination: 15 Normal termination: 16 Normal termination: 19+(a) 


Correction value 0 0 * 


*: (b) when division by zero or an overflow occurs; 2 x (b) when the instruction terminated normally. 


For the explanation of (a) in the table and (b) in "*", see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
DIVUA 
A; 1357  OOAA A} 0015  001D 
CCR|XX XXX CCR|X X X 0 0 
TNZVC TNZVC 
Before execution After execution 
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9.1.37. DIVUW (Divide unsigned Long Word Data by unsigned 
Word Data) 


Divide the long word data specified by the first operand (A) by the word data specified 
by the second operand and store the quotient (word data) in A and the remainder (word 
data) in the second operand. The operation assumes that the values are unsigned 
ones. 

If an overflow or division by "0" occurs, the second operand or AL retains the value it 
had immediately before the instruction was executed. 


@ DIVUW (Divide unsigned Long Word Data by unsigned Word Data) 


@ Assembler format: 


DIVUW A,ear DIVUW A,eam 


@ Operation: 


Long Word (A)/Word (ea), Quotient — Word (A), Remainder — Word (ea) 


I, S, T, N, and Z: Unchanged 


V: Set when an overflow has occurred as a result of the operation or the divisor is "0", 
cleared otherwise. 


C: Set when the divisor is "0", cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Assembler format DIVU A, ear DIVU A, eam 


Number of bytes 2 2+ 


Division by zero: 4 Division by zero: 6+(a) 
Number of cycles Overflow: 7 Overflow: 8+(a) 
Normal termination: 22 | Normal termination: 26+(a) 


Correction value 0 = 


*: (c) when division by zero or an overflow occurs; 2 x (c) when the instruction terminated normally. 


For the explanation of (a) in the table and (c) in "*", see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
DIVUW A,7254H 

A| 0000 . 1357 00 00 00 1D 
CCR|X XX XX CCR|X X X 0 0 
TNZVC TNZVC 

Memory Memory 
0 0 7255 0 0 7255 
AA 7254 15 7254 


Before execution 


After execution 
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9.1.38 | DWBNZ (Decrement Word Data and Branch if not Zero) 


Decrement the data specified by the first operand by one word, and if the result is not 
equal to "0", cause a branch. Control is transferred to the address equal to the address 
of the instruction following the DWBN2Z instruction plus the word data resulting from 
sign-extending the data specified by the second operand. If the decrement result is 
equal to "0", control is transferred to the instruction following the DWBN2Z instruction. 
When the first operand is @PC + disp16, the operand address is equal to the "address 
of the location containing the machine instruction for the DWBNZ instruction + 4 + 
disp16", not the "address of the location containing the machine instruction for the 
instruction following the DWBN2Z instruction + disp16". 


m@ DWBNZ (Decrement Word Data and Branch if not Zero) 


@ Assembler format: 


DWBNZ ear,rel DWBNZ eam,rel 


@ Operation: 


(First operand) < (First operand)—1 (Word subtraction) 
When (First operand)40, (PC) <— (PC)+<Number of bytes>+second operand 
(PC) — (PC)+<Number of bytes> 


@ CCR: 


= S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z: Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


If a branch is taken: 7 If a branch is taken: 8+(a) 


Bumabononcycles If a branch is not taken: 6 If a branch is not taken: 7+(a) 


Correction value 0 2x(c) 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
DWBNZ RWO,30H 
In this example, (First operand) — 1 = 0. 
PC F8 20 PC F8 23 
RWO 00 01 RWO 00 00 
CCR|X X XX X CCR|X000X 
TNZVC TNZVC 
Before execution After execution 
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9.1.39 EXT (Sign Extend from Byte Data to Word Data) 


Extend the least significant byte data of A to word data as a signed binary number. 


@ EXT (Sign Extend from Byte Data to Word Data) 


@ Assembler format: 


EXT 


@ Operation: 


When bit 7 of A=0, bits 8 to 15 of A 00yq 
When bit 7 of A0, bits 8 to 15 of A<— FFy 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the sign-extended data is "1", cleared otherwise. 
Z: Set when the sign-extended data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 1 


Correction value: 0 


@ Example: 
EXT 


In this example, the most significant bit of the least significant byte data ("80,,") for A is equal to "1", and 
"FFy" is set in bits 8 to 15 of A to extend the byte data. 


A| Xxx xX XxX 80 A| XxX XX | FF 80 
CCR|Ixxxxx CCR|x 10xxX 
TNZVC TNZVC 
Before execution After execution 
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9.1.40 EXTW (Sign Extend from Word Data to Long Word Data) 


Extend the low-order word data of A to long word data as a signed binary number. 


@ EXTW (Sign Extend from Word Data to Long Word Data) 


@ Assembler format: 


EXTW 


@ Operation: 


When bit15 of A=0, bits 16 to 31 of A< 0000,q 
When bit15 of A#0, bits 16 to 31 of A<— FFFFY 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the sign-extended data is "1", cleared otherwise. 
Z: Set when the sign-extended data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: | 
Number of cycles: 2 


Correction value: 0 


@ Example: 
EXTW 


In this example, the most significant bit of the low-order word data ("FF80,") for A is equal to "1", and 
"FFFF};" is set in bits 16 to 31 of A to extend the low-order word data. 


A| XX XX FF 80 A| FFFF . FF 80 
CCR|IXX*XXX CCR|X10xXxX 
TNZVC TNZVC 

Before execution After execution 
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9.1.41 FILS (Fill String Byte) 


Transfer the contents of AL to the RWO-byte area that starts from the address whose 
high-order eight bits are specified by the bank register specified by <bank> and whose 
low-order 16 bits are specified by the contents of AH. 

If RWO is equal to "0", transfer is not performed. If an interrupt occurs during the 
execution of the instruction, the execution of the instruction is suspended. After the 
interrupt has been handled, the execution of the instruction is resumed. 

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. If <bank> 
is omitted, DTB is assumed. 


@ FILS (Fill String Byte) 


@ Assembler format: 


FILS [I] [<bank>] 


@ Operation: 


While RW0 # 0, the following operation is repeated: 
((AH)) — (AL) (Byte transfer), (AH) << (AH)+1, 
(RWO) — (RWO)-1 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 

Number of cycles: 6x(RW0)+6 
Correction value: — (b)x(RW0O) 

For the explanation of (b), see Table 8.4-2 . 
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@ Example: 
FILS 
AH AL AH AL 
BC 00 OO E5 BD 00 OO E5 
RWO 0100 DTB | 94 RWO 00 00 DTB | 94 
CCR|IXXXXX CCR|IX 10xXX 
TNZVC TNZVC 
Memory Memory 
x xX 94BD00 AH X X 94BD00 
xX Xx 94BCFF E 5 94BCFF 
xX Xx 94BCFE E 5 94BCFE 
x X 94BC02 E 5 94BC02 
x X 94BC01 E 5 94BC01 
AH X X 94BC00 E 5 94BC00 
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Before execution 


After execution 
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9.1.42 FILSW (Fill String Word) 


Transfer the contents of AL to the RWO-word area that starts from the address whose 
high-order eight bits are specified by the bank register specified by <bank> and whose 
low-order 16 bits are specified by the contents of AH. 

If RWO is equal to "0", transfer is not performed. If an interrupt occurs during the 
execution of the instruction, the execution of the instruction is suspended. After the 
interrupt has been handled, the execution of the instruction is resumed. 

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. If <bank> 
is omitted, DTB is assumed. 


@ FILSW (Fill String Word) 


@ Assembler format: 


FILSW [I] [<bank>] 


@ Operation: 


While RW0 # 0, the following operation is repeated: 
((AH)) — (AL) (Word transfer), (AH) < (AH)+2, 
(RWO) — (RWO)-1 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 

Number of cycles: 6x(RW0)+6 

Correction value: (c)x(RW0O) 

For the explanation of (c), see Table 8.4-2 . 
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@ Example: 
FILSW ADB 


AH AL 
ABFE  E55E 


RWO 00 80 | ADB | 49 


CCR|X X XXX 
TNZVC 


Memory 


X X_ | 49ACFF 
Xx X_ | 49ACFE 


xX X_ | 49ACFD 
: 


xX X_ | 49AC00 
X X_ | 49ABFF 


AH X X_| 49ABFE 


Before execution 


RWO 


AH AL 


ACFE | E55E 


0000 | ADB | 49 


CCR|X00XX 


TNZVC 


Xx X_ | 49ACFF 


AH X_ X_ | 49ACFE 


E 5 49ACFD 


5 E 49AC00 
E 5 49ABFF 
5 E 49ABFE 


After execution 
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9.1.43 INC (Increment Byte Data (Address Specification)) 


Increment the byte data specified by the operand by one and restore the result in the 
operand. 


@ INC (Increment Byte Data (Address Specification)) 


@ Assembler format: 


INC ear INC eam 
@ Operation: 

(Operand) < (Operand)+1 (Byte increment) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
INC RO 
RO | FF RO | 00 
CCR|XX XXX CCR|x010xX 
TNZVC TNZVC 
Before execution After execution 
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9.1.44 INCL (Increment Long Word Data) 


Increment the long word data specified by the operand by one and restore the result in 
the operand. 


@ INCL (Increment Long Word Data) 


@ Assembler format: 


INCL ear INCL eam 
@ Operation: 

(Operand) < (Operand)+1 (Long word increment) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
INCL RLO 
RLO 7F FF FF FF A 80 00 00 00 
CCR|IXX* XXX CCR|X101x 
TNZVC TNZVC 
Before execution After execution 
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9.1.45 INCW (Increment Word Data) 


Increment the word data specified by the operand by one and restore the result in the 
operand. 


@ INCW (Increment Word Data) 


@ Assembler format: 


INCW ear INCW eam 
@ Operation: 

(Operand) < (Operand)+1 (Word increment) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


INCW @RW0+ 


RWO 03 54 


CCR|X XX XX 


[o) 
a 


Rwo-| 0 


4 


0357 
0356 
0355 
0354 


Before execution 


RWO | 03 56 


CCR|X000xX 


TNZVC 
Memory 
xX xX 0357 
Rwos x x 0356 
0 1 0355 
0 2 0354 


After execution 
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9.1.46 INT (Software Interrupt) 


Cause a branch to the interrupt handling routine at the specified address in the bank 
OFF,,. By executing the RETI instruction in the interrupt handling routine to which 
control has been transferred, control returns to the instruction following this 
instruction. 


@ INT (Software Interrupt) 


@ Assembler format: 


INT addr16 


@ Operation: 


(SSP) — (SSP)-2, (SSP)) — (AH), (SSP) — (SSP)-2, (SSP)) <— (AL) 


(SSP) — (SSP)-2, ((SSP)) < (DPR): (ADB)(DPR and ADB are saved as a set, DPR as the high-order 
byte and ADB as the low-order byte.) 


(SSP) — (SSP)-2, (SSP)) <— (DTB) : (PCB) (DTB and PCB are saved as a set, DTB as the high-order 
byte and PCB as the low-order byte.) 


(SSP) — (SSP)-2, ((SSP)) — (PC+3), (SSP) — (SSP)-2, ((SSP)) <— (PS) 
(S)<— 1,(@) < 0, (PCB) <— OFFy, (PC) <— addrl6 


I : Cleared 
S : Set 
T,N,Z, V,andC : Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 3 
Number of cycles: 16 
Correction value: 6x(c) 


For the explanation of (c), see Table 8.4-2 . 


157 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
INT 020F2H 
SA SA 
FFEE  DDCC FFEE  DDCC 
DTB PCB PC DTB PCB PC 
99 88 77 66 99 FF 20 F2 
DPR ADB DPR ADB 
BB||AA CCR BB||AA CCR 
ILM RP ISTNZVC ILM RP ISTNZVC 
03 10;|0000101 03 10;{;0 100101 
SSB SSP SSB SSP 
03 80 00 03 7FF4 
Memory Memory 
SSP-> 038000 038000 
x xX 037FFF FF 037FFF 
x xX 037FFE EE 037FFE 
x xX 037FFD D D 037FFD 
x xX 037FFC CC 037FFC 
x xX 037FFB BB 037FFB 
x xX 037FFA A A 037FFA 
x xX 037FF9 9 9 037FF9 
x xX 037FF8 8 8 037FF8 
x xX 037FF7 7 7 037FF7 
x xX 037FF6 6 9 037FF6 
x xX 037FF5 7 0 037FF5 
x xX 037FF4 SSP—> 8 5 037FF4 
Before execution After execution 
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9.1.47 INT (Software Interrupt (Vector Specification)) 


Cause a branch to the interrupt handling routine pointed to by the interrupt vector 
specified by the operand. 


@ INT (Software Interrupt (Vector Specification)) 


@ Assembler format: 


INT #vct8 


@ Operation: 


(SSP) — (SSP)-2, (SSP)) <— (AH), (SSP) — (SSP)-2, (SSP) <— (AL) 
(SSP) — (SSP)-2, (SSP)) <— (DPR): (ADB)(DPR and ADB are saved as a set, DPR as the high-order 
byte and ADB as the low-order byte.) 


(SSP) — (SSP)-2, (SSP)) <— (DTB) : (PCB) (DTB and PCB are saved as a set, DTB as the high-order 
byte and PCB as the low-order byte.) 


(SSP) — (SSP)-2, ((SSP)) — (PC+2), (SSP) — (SSP)-2, ((SSP)) <— (PS) 
(S)< 1,() < 0, (PCB) < Vector address (High-order byte) 
(PC) — Vector address (Low-order word) 


@ CCR: 


I : Cleared 
S : Set 
T,N,Z, V,andC : Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 20 
Correction value: 8x(c) 


For the explanation of (c), see Table 8.4-2 . 
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Before execution 


@ Example: 
INT #11 

SA SA 

FFEE  DDCC FFEE  DDCC 

DTB PCB PC DTB. PCB PC 

99 || 88 77 66 99 || 89 E795 

DPR ADB DPR ADB 

BB|[AA| _ COR. BB] [AA] _ CCR ; 

ILM RP I|STNZVC ILM RP |STNZVC 

02}/15|/ 0000101 02/{15]|0100101 

SSB SSP SSB SSP 

03 80 00 03 7FF4 
Memory Memory 
8 9 FFFFD2 8 9 FFFFD2 
E 7 FFFFD1 ES7 FFFFD1 
9 5 FFFFDO 9 5 FFFFDO 

SSP > | 038000 

x X__| 037FFF FOF 037FFF 
x X | 037FFE EE 037FFE 
x xX 037FFD DD 037FFD 
x x 037FFC CC 037FFC 
x X | 037FFB BB 037FFB 
x xX _ | 037FFA A A 037FFA 
x xX | 037FF9 9 9 037FF9 
xX X | 037FF8 8 8 037FF8 
x xX_ | 037FF7 rane 037FF7 
x Xx _| 037FF6 6 8 037FF6 
xX X__| 037FF5 5 5 037FF5 
sx 037FF4 SSP —>| 8 5 037FF4 


After execution 
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9.1.48 INT9 (Software Interrupt) 


Cause a branch to the interrupt handling routine pointed to by the vector. 
By executing the RETI instruction in the interrupt handling routine to which control has 
been transferred, control returns to the instruction following this instruction. 


@ INT9 (Software Interrupt) 


@ Assembler format: 


INT9 


@ Operation: 


(SSP) — (SSP)-2, (SSP)) — (AH), (SSP) — (SSP)-2, (SSP)) — (AL) 


(SSP) — (SSP)-2, (SSP)) < (DPR): (ADB)(DPR and ADB are saved as a set, DPR as the high-order 
byte and ADB as the low-order byte.) 


(SSP) — (SSP)-2, (SSP)) <— (DTB) : (PCB) (DTB and PCB are saved as a set, DTB as the high-order 
byte and PCB as the low-order byte.) 


(SSP) — (SSP)-2, ((SSP)) — (PC+1), (SSP) — (SSP)-2, ((SSP)) < (PS) 
(S)< 1,0) < 0, (PCB) < Vector address (High-order byte) 


(PC) < Vector address (Low-order word) 


I : Cleared 
S : Set 
T,N,Z, V,andC : Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: | 
Number of cycles: 20 
Correction value: 8x(c) 


For the explanation of (c), see Table 8.4-2 . 


161 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
INT9 
SA SA 
1122 3344 1122 | 3344 
DTB PCB PC DTB PCB PC 
77 88 99 AA 77 89 E795 
DPR ADB DPR ADB 
55 |(66|_ CR. 55 || 66 Cs 
ILM RP I1STNZVC ILM RP I1STNZVC 
02 15 0000101 02 15 01001041 
SSB SSP SSB SSP 
03 80 00 03 7FF4 
Memory Memory 
8 9 | FFFFDA 8 9 | FFFFDA 
E 7 | FFFFD9 E 7 | FFFFD9 
9 5 | FFFFD8 9 5 | FFFFD8 
SSP= | | 038000 | 
x xX 037FFF 1 $1 037FFF 
x xX 037FFE 22 037FFE 
x X 037FFD 3 3 037FFD 
x xX 037FFC 4 4 037FFC 
x xX 037FFB 5 5 037FFB 
x xX O37FFA 6 6 037FFA 
x X 037FF9 7 7 037FF9 
x xX 037FF8 8 8 037FF8 
x xX 037FF7 9 9 037FF7 
x xX 037FF6 A B 037FF6 
x xX 037FF5 5 5 037FF5 
x xX 037FF4 SSP~> 8 5 037FF4 
Before execution After execution 
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9.1.49 INTP (Software Interrupt) 


Cause a branch to the interrupt handling routine at the 24-bit physical address specified 
by the operand. Any address in the entire 16MB space can be specified. 

By executing the RETI instruction in the interrupt handling routine to which control has 
been transferred, control returns to the instruction following this instruction. 


@ INTP (Software Interrupt) 


@ Assembler format: 


INTP addr24 


@ Operation: 


(SSP) — (SSP)-2, (SSP)) <— (AH), (SSP) — (SSP)-2, ((SSP)) — (AL) 
(SSP) — (SSP)-2, ((SSP)) < (DPR) : (ADB)(DPR: High-order byte, ADB: Low-order byte) 
(SSP) — (SSP)-2, ((SSP)) < (DTB) : (PCB) (DTB: High-order byte, PCB: Low-order byte) 
(SSP) — (SSP)-2, ((SSP)) — (PC+4), (SSP) — (SSP)-2, (SSP)) <— (PS) 
(S)¢+ 1,()< 0,(PCB)< Most significant byte of addr24, 

(PC) < Low-order word of addr24 


I: Cleared 
S: Set 
T, N, Z, V, and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 4 
Number of cycles: 17 
Correction value: 6x(c) 


For the explanation of (c), see Table 8.4-2 . 
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@ Example: 
INTP 0C8F220H 
A 
1122 3344 
DTB PCB PC 
77 88 99 AA 77 C8 F2 20 
DPR ADB DPR ADB 
55 || 66 CCR 55 || 66 CCR 
ILM RP ISTNZVC ILM RP ISTNZVC 
03 10;|;0000101 03 10 0100101 
SSB SSP SSB SSP 
03 80 00 03 7F F4 
Memory Memory 
SSP-> 038000 038000 
x xX 037FFF 1 1 037FFF 
x XxX 037FFE 22 037FFE 
x xX 037FFD 3 3 037FFD 
x xX 037FFC 4 4 037FFC 
x xX 037FFB 5 5 037FFB 
x XxX 037FFA 6 6 037FFA 
x XxX 037FF9 7 7 037FF9 
x xX 037FF8 8 8 037FF8 
x XxX 037FF7 9 9 037FF7 
x xX 037FF6 AE 037FF6 
x xX 037FF5 7 0 037FF5 
x xX 037FF4 SSP—~> 8 5 037FF4 
Before execution After execution 
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9.1.50 JCTX (Jump Context) 


Restore register contents or an address saved in memory. 


m@ JCTX (Jump Context) 


@ Assembler format: 


JCTX @A 
@ Operation: 
(temp) < (AL) 
(PS) < ((temp)) : (temp) < (temp)+2 
(PC) < ((temp)) : (temp) < (temp)+2 


(DTB), (PCB) << ((temp)): (temp) < (temp)+2 
(DPR), (ADB) < ((temp)): (temp) < (temp)+2 
(AL) < ((temp)) : (temp) < (temp)+2 
(AH) <— ((temp)) 


@ CCR: 


Stores bit 6 of the address indicated = AL. 
Stores bit 5 of the address indicated by AL. 
Stores bit 4 of the address indicated by AL. 
Stores bit 3 of the address indicated by AL. 
Stores bit 2 of the address indicated by AL. 
Stores bit 1 of the address indicated by AL. 
Stores bit 0 of the address indicated by AL. 


Q<t N ZAHA aAR 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 14 
Correction value: 6x(c) 


For the explanation of (c), see Table 8.4-2 . 


165 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
JCTX @A 
SA SA 
xx *x | SEO 20 CB75 0250 
DTB PCB PC DTB PCB PC 
09 xX X XX XX 80 50 88 01 
DPR ADB DPR ADB 
xX xX X wee ~ 08 CE BCR = 
IM RP ! STNZVC ILM RP ISTNZVC 
xX XX||X KX KK KK XK 07 16 0001010 
Memory Memory 
O9E02C O9E02C 
C B 09E02B C B 09E02B 
7 5 O9E02A 7 5 O9E02A 
0 2 O09E029 0 2 09E029 
5 0 09E028 5 0 09E028 
0 8 09E027 0 8 09E027 
C CE 09E026 CE 09E026 
8 0 09E025 8 0 09E025 
5 0 09E024 5 0 09E024 
8 8 09E023 8 8 09E023 
O 1 O09E022 O 1 O9E022 
F 6 09E021 F 6 09E021 
AL— 8 A 09E020 8 A 09E020 
Before execution After execution 
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9.1.51 JMP (Jump Destination Address) 


Read the word data from the address specified by the operand and cause a branch to 
the address specified by the word data. 


m@ JMP (Jump Destination Address) 


@ Assembler format: 


JMP @A JMP addr16 
JMP @ear JMP @eam 
@ Operation: 


(PC) <— (Operand) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
JMP @@RW0+2 

PC|_E0O 00 PC| DB 80 

RWo| AO AO Rwo| AO AO 

Memory Memory 
D B A0A3 D B AOA3 
RW0+2—> 8 0 AOA2 RW0+2->| 8 0 AOA2 
x xX AOA1 x xX AOA1 
x xX AOAO x xX AOAO 

Before execution After execution 
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9.1.52 JMPP (Jump Destination Physical Address) 


If the operand is addr24, this instruction causes a branch to the physical address 
specified by addr24. 

If the operand is @ea, the instruction causes a branch to the physical address specified 
by the contents of the operand. 


m@ JMPP (Jump Destination Physical Address) 


@ Assembler format: 


(1) = JMPP addr24 
(2) JMPP @ear JMPP @eam 


@ Operation: 


(1): (PC) < Low-order word of addr24 
(PCB) << Most significant byte of addr24 

(2): (PC) < (ea) (Word transfer) 
(PCB) < (eat2) (Byte transfer) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 
Number of bytes 4 2 2+ 
Number of cycles 4 5 6+(a) 
Correction value 0 0 (d) 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
JMPP OFFC850H 
PC| 12 48 PC | C8 50 
PCB | 34 PCB | FF 
Before execution After execution 


168 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.53 | LINK (Link and create new stack frame) 


Store the current value of the frame pointer (RW3) in a stack and set a new frame 
pointer. This allows an area for a new local variable to be reserved. This instruction is 
used before a function is called. 


@ LINK (Link and create new stack frame) 


@ Assembler format: 


LINK #imm8 


@ Operation: 


(sp) — (sp)-2 ; ((sp)) — (RW3) ; (RW3) <— (sp) ; (sp) — (sp)-imm8s 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 
Correction value: —(c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 
LINK #20H 
SP| EO 22 SPL_E0 00 
RW3 AO 46 RW3 EO 20 
Memory Memory 
A_0 


SP-—>| X &X E022 4 6 E020 


SP-—>| X X E000 


Before execution After execution 
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9.1.54 LSL (Logical Shift Byte Data of Accumulator to Left) 


Shift the least significant byte data of the accumulator (A) to the left by the number of 
bits specified by the second operand. The least significant bit of A is set to "0". The bit 
last shifted out from the most significant bit of the least significant byte data for A is 
stored in the carry bit (C). 


@ LSL (Logical Shift Byte Data of Accumulator to Left) 


@ Assembler format: 


LSL A,RO 


@ Operation: 


I,S, and T: Unchanged 


N: Set when the MSB of the shifting result is "1", cleared otherwise. 

Z: Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 

C: Stores the bit last shifted out from the MSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0 ; otherwise, 5 + (RO) 


Correction value: 0 


@ Example: 
LSL A,RO 
Ay) eX | SOF A | xx xx | Xx FC 
RO | 02 RO | 02 
CCR |Ixxxxx CCR |x 10xXxX 
TNZVC TNZVC 
Before execution After execution 
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9.1.55 | LSLL (Logical Shift Long Word Data of Accumulator to 
Left) 


Shift the long word data of the accumulator (A) to the left by the number of bits 
specified by the second operand. The least significant bit of A is set to "0". The bit last 
shifted out from the most significant bit is stored in the carry bit (C). 


@ LSLL (Logical Shift Long Word Data of Accumulator to Left) 


@ Assembler format: 


LSLL A,RO 


@ Operation: 


C MSB A LSB 


I,S, and T: Unchanged 


N: Set when the MSB of the shifting result is "1", cleared otherwise. 

Z: Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 

C: Stores the bit last shifted out from the MSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 6 + (RO) 


Correction value: 0 


@ Example: 
LSLL A,RO 
Al 3333 3338 Al COCe | CO CC 
RO| 02 RO| 02 
CCR|X X XX X CCR|xX 10x00 
TNZVC TNZVC 
Before execution After execution 
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9.1.56 | LSLW (Logical Shift Word Data of Accumulator to Left) 


Shift the low-order word data of the accumulator (A) to the left by one bit. The least 
significant bit of A is set to "0". The bit shifted out from the most significant bit of the 
low-order word data for A is stored in the carry bit (C). 


@ LSLW (Logical Shift Word Data of Accumulator to Left) 


@ Assembler format: 


LSLW A/SHLW A 


@ Operation: 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the shifting result is "1", cleared otherwise. 


Z Set when the shifting result is "0", cleared otherwise. 
V: Unchanged 
C Stores the bit shifted out from the MSB of A. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
LSLW A 
A|XxXXX AA55 A| Xx XX | 55 AA 
CCR|IXX XXX CCR|X 00 x 1 
TNZVC TNZVC 
Before execution After execution 
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9.1.57 LSLW (Logical Shift Word Data of Accumulator to Left) 


Shift the low-order word data of the accumulator (A) to the left by the number of bits 
specified by the second operand. The least significant bit of A is set to "0". The bit last 
shifted out from the most significant bit of the low-order word data for A is stored in the 
carry bit (C). 


@ LSLW (Logical Shift Word Data of Accumulator to Left) 


@ Assembler format: 


LSLW A,RO 


@ Operation: 


Cc MSB A LSB 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the shifting result is "1", cleared otherwise. 


Z Set when the shifting result is "0", cleared otherwise. 
V: Unchanged 
C Stores the bit last shifted out from the MSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO) 


Correction value: 0 


@ Example: 
LSLW A,RO 
A| XX XX  AA55 A| XxX XX A550 
RO| 04 RO| 04 
CCR|IXX XXX CCR|X 10x 0 
TNZVC TNZVC 
Before execution After execution 
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9.1.58 | LSR (Logical Shift Byte Data of Accumulator to Right) 


Shift the least significant byte data of the accumulator (A) to the right by the number of 
bits specified by the second operand. The most significant bit of the least significant 
byte for A is set to "0". The bit last shifted out from the least significant bit is stored in 
the carry bit (C). 


@ LSR (Logical Shift Byte Data of Accumulator to Right) 


@ Assembler format: 


LSR A,RO 


@ Operation: 


Tand S: Unchanged 


T: Set when the shifted-out data from the carry contains one or more "1" bits, cleared 


otherwise. Also cleared when the shift amount is "0". 
N Set when the MSB of the shifting result is "1", cleared otherwise. 
Z Set when the shifting result is "0", cleared otherwise. 
V: Unchanged 
C Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO) 


Correction value: 0 
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@ Example: 
LSR A,RO 
A| XX XX XX FF A| XX XX xX 07 
RO 05 RO 05 
CCR|XX XXX CCR/1 10x 1 
TNZVC TNZVC 


Before execution 


After execution 
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9.1.59 | LSRL (Logical Shift Long Word Data of Accumulator to 
Right) 


Shift the long word data of the accumulator (A) to the right by the number of bits 
specified by the second operand. The most significant bit of A is set to "0". The bit last 
shifted out from the least significant bit of A is stored in the carry bit (C). 


@ LSRL (Logical Shift Long Word Data of Accumulator to Right) 


@ Assembler format: 


LSRL A,RO 


@ Operation: 


MSB A LSB C T ‘ 


Tand S: Unchanged 


Ae Set when the shifted-out data from the carry contains one or more "1" bits, cleared 
otherwise. Also cleared when the shift amount is "0". 


N Set when the MSB of the shifting result is "1", cleared otherwise. 

Z: Set when the shifting result is "0", cleared otherwise. 

Vv Unchanged 

C Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 6 + (RO) 


Correction value: 0 
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@ Example: 
LSRL A,RO 
A 33 33 33 33 A 00 00 33 33 
RO| 10 RO| 10 
CCR|IXX XXX CCR/100xX0 
TNZVC TNZVC 


Before execution 


After execution 


177 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.60 LSRW (Logical Shift Word Data of Accumulator to Right) 


Shift the low-order word data of the accumulator (A) to the right by one bit. The most 
significant bit of the low-order word data for A is set to "0". The least significant bit is 
stored in the carry bit (C). 


m@ LSRW (Logical Shift Word Data of Accumulator to Right) 


@ Assembler format: 


LSRW A/SHRW A 


@ Operation: 


MSB A LSB Cc T 
—> > — 1 


@ CCR: 


Tand S: Unchanged 

T: Stores the OR of the shifted-out data from the carry and the old T flag value. 
N Cleared 

Li Set when the shifting result is "0", cleared otherwise. 

Vv Unchanged 

C Stores the bit shifted out from the LSB of A. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
LSRW A 
A| XxX XxX | AAAA A| XX XX 5555 
CCR|1 XxX xX 0 CCR|100x0 
TNZVC TNZVC 
Before execution After execution 


178 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.61 LSRW (Logical Shift Word Data of Accumulator to Right) 


Shift the low-order word data of the accumulator (A) to the right by the number of bits 
specified by the second operand. The most significant bit of the low-order word data 
for A is set to "0". The bit last shifted out from the least significant bit is stored in the 
carry bit (C). 


m@ LSRW (Logical Shift Word Data of Accumulator to Right) 


@ Assembler format: 


LSRW A,RO 


MSB A LSB C T i 
I I 
> > > 1 


@ Operation: 


@ CCR: 


Tand S: Unchanged 


Ts Set when the shifted-out data from the carry contains one or more "1" bits, cleared 
otherwise. Also cleared when the shift amount is "0". 


N Set when the MSB of the shifting result is "1", cleared otherwise. 

Z Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 

C Stores the bit last shifted out from the LSB of A. Cleared when the shift amount is "0". 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 6 when (RO) is equal to 0; otherwise, 5 + (RO) 


Correction value: 0 
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@ Example: 
LSRW A,RO 
A| XX XX AA AA A| XX XX OO 0A 
RO| OC RO| OC 
CCR|X X XXX CCR/100xX1 
TNZVC TNZVC 


Before execution 


After execution 
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9.1.62 MOV (Move Byte Data from Source to Accumulator) 


Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31, then transfer 


"0" to bits 8 to 15. The byte data specified by the second operand is transferred to bits 
0 to 7. 


If the second operand is @A, transfer to bits 16 to 31 is not performed. 


m@ MOV (Move Byte Data from Source to Accumulator) 


@ Assembler format: 


MOV A,#imm8 MOV A,Ri 
MOV A,@A MOV A,dir 
MOV A,@RLi + disp8 MOV A,addr16 
MOV A,io MOV A,brg1 
MOV A,eam MOV A,ear 
@ Operation: 
(A) — (Second operand) (Byte transfer) 
@ CCR: 


= S,and T: Unchanged 


N: Set when the MSB of the transferred data is "1", cleared otherwise. 
ZL Set when the transferred data is "0", cleared otherwise. 
V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand i @RLi+8 


Number of bytes 3 


Number of cycles 


Correction value 


*: One cycle for the program bank register (PCB), additional data bank register (ADB), system stack bank register 


(SSB), and user stack bank register (USB). Two cycles for the data bank register (DTB) and direct page register 
(DPR). 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
MOV A,0092H 
A| XX XX A046 A| A046 0071 

CCR|IXX* XXX CCR|IX00XX 

TNZVC TNZVC 

Memory Memory 
7 1 0092 7 1 0092 
Before execution After execution 
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9.1.63 MOV (Move Byte Data from Accumulator to Destination) 


Transfer the least significant byte data of the accumulator (A) to the address specified 
by the first operand. 


m@ MOV (Move Byte Data from Accumulator to Destination) 


@ Assembler format: 


MOV dir,A MOV Ri,A 
MOV @RLi+disp8,A MOV io,A 
MOV addr16,A MOV brg2,A 
MOV ear,A MOV eam,A 
@ Operation: 
(First operand) < (A) (Byte transfer) 
@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand i @RLIi+8 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MOV RI1,A 
Al XxX XX | 4932 A| XxX XX 49 32 
CCR |X X XX X R1|xx CCR|X00XxX Ri| 32 
TNZVC TNZVC 
Before execution After execution 
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9.1.64 MOV (Move Byte Immediate Data to Destination) 


Transfer the 8-bit immediate data specified by the second operand to the address 
specified by the first operand. 

When the first operand is @PC + disp16, the data is transferred to the "address of the 
location containing the machine instruction for the MOV instruction + 4 + rel", not the 
“address of the location containing the machine instruction for the instruction following 
the MOV instruction + rel". 


m@ MOV (Move Byte Immediate Data to Destination) 


@ Assembler format: 
MOV RP,#imm8 
MOV io,#imm8& 
MOV ear,#imm8s 


MOV ILM,#imm8s 
MOV dir,#imm8s 
MOV eam,#imm8s 


@ Operation: 


(First operand) — #imm8 


@ CCR: 


If the data is transferred to a general- 
purpose registers (RO to R7) or bank 
register 


If the data is transferred to a register other 
than the general-purpose registers (RO to 
R7) and the bank register 


— S,and T: Unchanged 

N: Unchanged if the data is transferred to a register other than the general-purpose registers. 
If the data is transferred to the general-purpose register, N is set when the MSB of the 
transferred data is "1", cleared otherwise. 

Z: Unchanged if the data is transferred to a register other than the general-purpose registers. 
If the data is transferred to the general-purpose register, Z is set when the transferred data 
is "0", cleared otherwise. 

V and C: Unchanged 
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@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 2 2 3 3 3 3+ 
Number of cycles 2 2 5 5 2 4+(a) 
Correction value 0 0 (b) (b) 0 (b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MOV 009FH,#22H 
A| XX XX xX XX Bil ye OE | RK 

CCR|X XX XxX CCR|X XX XX 

TNZVC TNZVC 

Memory Memory 
7 1 OO9F 2 2 OO9F 
Before execution After execution 
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9.1.65 |MOV (Move Byte Data from Source to Destination) 


Transfer the byte data specified by the second operand to the first operand. 
MOV Ri, #imm8, described below, is an instruction contained in the basic page map 
(see C.1 Table C-1 ), with code different from that contained in MOV ear, #immé8s. 


m@ MOV (Move Byte Data from Source to Destination) 


@ Assembler format: 


MOV Ri,#imm8 

MOV Riear MOV Ri,eam 

MOV ear,Ri MOV eam,Ri 
@ Operation: 

(First operand) < (Second operand) (Byte transfer) 
@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 2 2 2+ 2 2+ 
Number of cycles 2 3 4+(a) 4 5+(a) 
Correction value 0 0 (b) 0 (b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
MOV R3,@RWO 
Rwo | EO 01 Rwo | EO 01 
R3 | X X | CCR|X X X X X R3 | 71 | CCRIxx00xX 
TNZVC TNZVC 
Memory Memory 
71 E001 fA E001 
Before execution After execution 
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9.1.66 MOV (Move Byte Data from AH to Memory) 


Transfer the low-order byte data of AH to the memory location specified by the contents 
of AL. 


m@ MOV (Move Byte Data from AH to Memory) 


@ Assembler format: 


MOV @AL,AH 


@ Operation: 


((AL)) — (AH) (Byte transfer) 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 3 
Correction value: —_(b) 


For the explanation of (b), see Table 8.4-2 . 


@ Example: 
MOV @AL,AH 

A| 0122 £084 Al 0122 | £084 
CCR|X XX XxX CCR|X00XxX 
TNZVC TNZVC 

Memory Memory 
7 1 E084 2 2 E084 
Before execution After execution 
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9.1.67 MOVB (Move Bit Data from Bit Address to Accumulator) 


Transfer zeros to bits 8 to 15 of the accumulator (A). "00,," is transferred to bits 0 to 7 of 
A if the bit of the address specified by the second operand is equal to "0" and "FF,," is 
transferred if the bit is equal to "1". 


m@ MOVB (Move Bit Data from Bit Address to Accumulator) 


@ Assembler format: 


MOVB A, addr16:bp 
MOVB A. dir:bp 


MOVB A,io:bp 
@ Operation: 
If (Second operand)=0 : (A) — 004 (Byte transfer) 
If (Second operand)=1 : (A) <— FFy (Byte transfer) 
@ CCR: 


— S,and T: Unchanged 
N: Set when the transferred bit is "1", cleared when "0". 


Ze Set when the transferred bit is "0", cleared when "1". 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand ad16:bp 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (b) in the table, see Table 8.4-2 . 
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@ Example: 
MOVB A,32H:3 


A| XX XX XX XX 


CORK XXX 


TNZVC 
Memory 
x xX 
Lok 0032 
x xX 


Before execution 


XxX XX 00 FF 
CCR|xX 10XxX 
TNZVC 
Memory 
x xX 
7 OF 0032 
x xX 


After execution 
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9.1.68 |MOVB (Move Bit Data from Accumulator to Bit Address) 


Transfer bit data 0 to the bit address specified by the first operand if the least significant 
byte data of the accumulator (A) is 00}. 


Bit data 1 is transferred to the bit address specified by the first operand if the least 
significant byte data of A is not 00}. 


@ MOVB (Move Bit Data from Accumulator to Bit Address) 


@ Assembler format: 


MOVB addr16:bp,A 
MOVB dir:bp,A 
MOVB io:bp,A 


@ Operation: 


If the byte data of (A) is 00, : (First operand) b=0 (Bit transfer) 
If the byte data of (A) is not 00, : (First operand) b=1 (Bit transfer) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the byte data for A is "1", cleared otherwise. 
Z: Set when the byte data of A is "0", cleared otherwise. 
V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (b) in the table, see Table 8.4-2 . 


191 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
MOVB 765FH: 7,A 


Al) SCR KO 


CCR|X XX XX 


TNZVC 
Memory 
xX xX 
7 OF 765F 
x xX 


Before execution 


xX KOO 


CCR|X00XX 


TNZVC 
Memory 
x xX 
FOF 765F 
x xX 


After execution 
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9.1.69 MOVEA (Move Effective Address to Destination) 


Transfer the value specified by the second operand (effective address) to the first 
operand. If a general-purpose register is specified by the second operand, the address 
of the general-purpose register is transferred. 

If the destination (first operand) is the accumulator (A), the pre-transfer values of bits 0 
to 15 are transferred to bits 16 to 31 of A. 


@ MOVEA (Move Effective Address to Destination) 


@ Assembler format: 


MOVEA <destination>,ear MOVEA <destination>,eam 


@ Operation: 


First operand <— ea (Word transfer) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) in the table, see Table 8.4-1 . 


@ Example: 


MOVEA RW2,@RW0+2 


RWO 00 69 RWO 00 69 
RW2| XX XX RW2 00 6B 
CCR|XxXxXxXxX CCRIXXxXXX 
TNZVC TNZVC 
Before execution After execution 
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9.1.70 | MOVL (Move Long Word Data from Source to 
Accumulator) 


Transfer the long word data specified by the second operand to the accumulator (A). 


lm MOVL (Move Long Word Data from Source to Accumulator) 


@ Assembler format: 


MOVL A,#imm32 

MOVL A,ear MOVL A,eam 
@ Operation: 

(A) — (Second operand) (Long word transfer) 
@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Li Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MOVL A,#0053FF64H 


Be KOE KR A| 0058 FF 64 
CCR|XxX XXX CCR|xX00xx 


TNZVC TNZVC 


Before execution After execution 
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9.1.71 MOVL (Move Long Word Data from Accumulator to 
Destination) 


Transfer the long word data of the accumulator (A) to the first operand. 


lm MOVL (Move Long Word Data from Accumulator to Destination) 


@ Assembler format: 


MOVIL ear,A MOVL eam,A 
@ Operation: 

(First operand) < (A) (Long word transfer) 
@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MOVL RLI1,A 
A| 0197 | A024 A || O1.907~. | AOo4 
Pit | See SEK ee RL1] 0197 A024 
CCR|x xx XxX CCR[x00xx 
TNZVC TNZVC 
Before execution After execution 
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9.1.72 | MOVN (Move Immediate Nibble Data to Accumulator) 


Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. "0" is 
transferred to bits 4 to 15 and the nibble data specified by the second operand is 
transferred to bits 0 to 3. 


@ MOVN (Move Immediate Nibble Data to Accumulator) 


@ Assembler format: 


MOVN A,#imm4 


@ Operation: 


(A) — imm4 (Byte transfer) 


@ CCR: 


— S,and T: Unchanged 
N: Cleared 
Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 1 


Correction value: 0 


@ Example: 
MOVN A,#0FH 
A| XX XX 62 07 A| 62 07 00 OF 
CCR|IX X XXX CCR|Ix00xXxX 
TNZVC TNZVC 
Before execution After execution 
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9.1.73 MOVS (Move String Byte) 


Transfer byte data from the address specified by AL in the space specified by <source 
bank> to the address specified by AH in the space specified by <destination bank>. The 
transfer is repeated the number of times specified by RWO, with the addresses being 
changed each time. The transfer is not performed if RWO is equal to "0". Four types of 
registers PCB, DTB, ADB, and SPB can be used as <destination bank> and <source 
bank>. By default, DTB is assumed. 

The addresses can be either incremented or decremented. By default, the addresses 
are incremented. 

If an interrupt occurs during the transfer, the transfer is suspended to handle the 
interrupt. The transfer is resumed after the interrupt has been handled. 


m@ MOVS (Move String Byte) 


@ Assembler format: 


MOVSI _ [<destination bank>] [,<source bank>] (When the addresses are incremented) 


MOVSD [<destination bank>] [,<source bank>] (When the addresses are decremented) 


@ Operation: 


The following is repeated until RWO becomes equal to "0": 

((AH)) — ((AL)) (Byte transfer) 

(AH) — (AH)+1, (AL) << (AL)+1 (4+ if MOVSWI, - if MOVSWD) 
(RWO) — (RWO)-1 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 

Number of cycles: 5 if (RWO) is equal to "0"; otherwise, 4+8x(RWO) 
Correction value: 2x(b)x(RWO) 

For the explanation of (b), see Table 8.4-2 . 
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@ Example: 
MOVSI ADB,PCB 


RWO 


PCB 


AH AL 
80 00 00 00 
00 03 CCR|X XX XX 
TNZVC 
FF | ADB | 01 
Memory 
FC FFO003 
F D FFO002 
FE FFOOO1 
ALF F FFOO0O 
x xX 018003 
x xX 018002 
x xX 018001 
AH—>_ X X 018000 


Before execution 


RWO 


PCB 


AH AL 
80 03 00 03 
00 00 | CCR|IXXxXxXxX 
TNZVC 
FF | ADB | 01 
Memory 
AL FC FFO003 
FD FFO002 
FE FFOOO1 
FOF FFOOO0O 
AH—> X_ X 018003 
FD 018002 
FE 018001 
FOF 018000 


After execution 
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9.1.74 MOVSW (Move String Word) 


Transfer word data from the address specified by AL in the space specified by <source 
bank> to the address specified by AH in the space specified by <destination bank>. The 
transfer is repeated the number of times specified by RWO, with the addresses being 
changed each time. The transfer is not performed if RWO is equal to "0". Four types of 
registers PCB, DTB, ADB, and SPB can be used as <destination bank> and <source 
bank>. By default, DTB is assumed. 

The addresses can be either incremented or decremented. By default, the addresses 
are incremented. 

If an interrupt occurs during the transfer, the transfer is suspended to handle the 
interrupt. The transfer is resumed after the interrupt has been handled. 


m@ MOVSW (Move String Word) 


@ Assembler format: 


MOVSWI __ [<destination bank>] [,<source bank>] (When the addresses are incremented) 


MOVSWD _[<destination bank>] [,<source bank>] (When the addresses are decremented) 


@ Operation: 


The following is repeated until RWO becomes equal to "0": 

((AH)) — ((AL)) (Byte transfer) 

(AH) <— (AH)#2, (AL) <— (AL)+2 (+ if MOVSWI, - for MOVSWD) 
(RWO) — (RWO)-1 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 

Number of cycles: 5 if (RWO) is equal to "0"; otherwise, 4 + 8x(RWO) 
Correction value: 2x(c)x(RWO) 

For the explanation of (c), see Table 8.4-2 . 
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@ Example: 


MOVSW,ADB 


RWO 


DTB 


AH AL 
0000  =AOQOO 


[00.08 | CORKXXXX 
TNZVC 
CD | ADB | 38 
Memory 
x xX CDO0005 
xX xX CD0004 
x xX CD0003 
x xX CD0002 
x xX CDO0001 
AH->_X X CDO0000 
2 6 38A005 
4 2 38A004 
3 6 38A003 
31 38A002 
4 D 38A001 
AL— 4 6 38A000 


Before execution 


RWO 


DTB 


AH AL 


0006 A006 


0000 CCR|X XX XX 


TNZVC 
CD | ADB | 38 
Memory 
AH-—> 2 6 CDO0005 
4 2 CD0004 
3 6 CD0003 
3.1 CD0002 
4 D CDO0001 
4 6 CDO0000 
AL 
2 6 38A005 
4 2 38A004 
3.6 38A003 
3.1 38A002 
4 D 38A001 


4 6 38A000 


After execution 
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9.1.75 ©MOVW (Move Word Data from Source to Accumulator) 


Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. Then, the 
word data specified by the second operand is transferred to bit0 to bit15 of A. If the 
second operand is @A, transfer the values of bits 0 to 15 of A to bits 16 to 31 is not 
performed. 


m@ MOVW (Move Word Data from Source to Accumulator) 


@ Assembler format: 


MOVW A,#imm16 MOVW A, @RWi-+disp8 
MOVW A,@A MOVW A, addr16 
MOVW A, @RLi+disp8 MOVW A,RWi 
MOVW A,SP MOVW A,dir 
MOVW A,io 
MOVW A,ear MOVW A,eam 

@ Operation: 


(A) — (Second operand) (Word transfer) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the transferred data is "1", cleared otherwise. 
Li Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand i @RLi+8 i @RWi+8 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 


201 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
MOVW A,OF9A0H 
A| XxX XxX 49 01 49 01 AE 86 

CCR|IXX XXX CCR|X10X*X 

TNZVC TNZVC 
Memory Memory 
AE F9A1 AE F9A1 
8 6 F9AO 8 6 F9AO 


Before execution 


202 


After execution 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.76 ©MOVW (Move Word Data from Accumulator to 
Destination) 


Transfer the low-order word data of the accumulator (A) to the first operand. 


m@ MOVW (Move Word Data from Accumulator to Destination) 


@ Assembler format: 


MOVW @RLi-+disp8,A MOVW addrl6,A 

MOVW SP,A MOVW RWi,A 

MOVW io,A MOVW dir,A 

MOVW @RWi-+disp8,A 

MOVW ear,A MOVW eam,A 
@ Operation: 

(First operand) < (A) (Word transfer) 
@ CCR: 


= S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 


Zi Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand i @RLi+8 i @RWi+8 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
MOVW RWO,A 
Al xx xx 0000 Al XX XX | 0000 
RWO| XX XX RWO 00 00 
CCR|IXX XXX CCR|X01xXxX 
TNZVC TNZVC 
Before execution After execution 
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9.1.77  MOVW (Move Immediate Word Data to Destination) 


This instruction transfers the 16-bit immediate data to the first operand. 

When the first operand is @PC + disp16, the transfer destination address is the address 
where the machine instruction of the MOVW instruction is stored + 4 + disp16. Note 
that this is not the address where the machine instruction of the instruction subsequent 
to the MOVW instruction is stored+disp16. 


m@ MOVW (Move Immediate Word Data to Destination) 


@ Assembler format: 


MOVW ear,#imm16 MOVW eam,#imm16 


@ Operation: 


(First operand) ~ #imm16 


@ CCR: 


If the data is transferred to a general- If the data is transferred to a register 


purpose register (RWO to RW7) other than the general-purpose registers 
(RW0 to RW7) 


I,S, and T: Unchanged 


N: Unchanged if the data is transferred to a register other than the general-purpose registers. 


If the data is transferred to the general-purpose register, N is set when the MSB of the 
transferred data is "1", cleared otherwise. 


Z: Unchanged if the data is transferred to a register other than the general-purpose registers. 
If the data is transferred to the general-purpose register, Z is set when the transferred data 


is "0", cleared otherwise. 


V and C: Unchanged and none of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 


MOVW RWO,#2343H 


CCR 


XXXXX 


TNZVC 


RWO 


XX XX 


Before execution 
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CCR|X00XX 


RWO 


TNZVC 
23 43 


After execution 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.78 ©MOVW (Move Word Data from Source to Destination) 


Transfer the word data specified by the second operand to the first operand. 


m@ MOVW (Move Word Data from Source to Destination) 


@ Assembler format: 


MOVW RWi,#imm16 

MOVW ear,RWi MOVW eam,RWi 

MOVW RWi,ear MOVW RWi,eam 
@ Operation: 

(First operand) < (Second operand) (Word transfer) 
@ CCR: 


— S,and T: Unchanged 
N: 
Z: 


Set when the MSB of the transferred data is "1", cleared otherwise. 


Set when the transferred data is "0", cleared otherwise. 
V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
MOVW RW1,RWO 

A| XX XX xx XxX A| XX XxX xx xx 

RWO OO 4A RWO;} 00 4A 

RW1| XX XxX RW1 004A 
CCR|XX* XXX CCR|Ix00XxX 
TNZVC TNZVC 

Before execution After execution 
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9.1.79 © MOVW (Move Immediate Word Data to io) 


Transfer 16-bit immediate data to the I/O area specified by the first operand. 


m@ MOVW (Move Immediate Word Data to io) 


@ Assembler format: 


MOVW io,#imm16 


@ Operation: 


(First operand) ~— imm16 (Word transfer) 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 4 
Number of cycles: 5 
Correction value: (c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 
MOVW 24H,#2343H 
CCR|X XX XX CCR |X X X X X 
TNZVC TNZVC 

Memory Memory 

x xX x xX 

xX xX | 000025 2.3 000025 
x xX | 000024 4 3 000024 
x X xX xX 

Before execution After execution 
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9.1.80 |MOVW (Move Word Data from AH to Memory) 


Transfer the word data of AH to the memory location specified by the contents of AL. 


lm MOVW (Move Word Data from AH to Memory) 


@ Assembler format: 


MOVW @AL,AH 


@ Operation: 


((AL)) — (AH) (Word transfer) 


I,S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 


Z: Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 3 
Correction value: —(c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 


MOVW @AL,AH 


A| 00CB . FEFF A| 00CB > FEFF 
CCR|IX XX XxX CCR|X 10XxX 
TNZVC TNZVC 
Memory Memory 
7 1 FEFF CB FEFF 
Before execution After execution 
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9.1.81 MOVX (Move Byte Data with Sign Extension from Source 
to Accumulator) 


Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. Then, the 
value resulting from sign-extending the second operand is transferred to bits 0 to 15 of 
A. If the second operand is @A, transfer to bits 16 to 31 is not performed. 


m@ MOVX (Move Byte Data with Sign Extension from Source to Accumulator) 


@ Assembler format: 


MOVX A,#imm8 MOVX A, @RWi-+disp8 

MOVX A,@A MOVX A,addr16 

MOVX A,@RLi+disp8 MOVX A,Ri 

MOVX A,dir MOVX A,io 

MOVX A,ear MOVX A,eam 
@ Operation: 

(A) — (Second operand) (Byte transfer with sign extension) 
@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the transferred data is "1", cleared otherwise. 
ZL Set when the transferred data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand i @RLi+8 ir | i @ RWi+8 

Number of bytes 2 2 3 2 2 2 3 2 2 2+ 
Number of cycles 2 3 10 3 3 5 4 2 2 3+(a) 
Correction value 0 (b) (b) (b) | (b) (b) (b) 0 0 (b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
MOVX A,0E001H 


A| XxX XX AO 46 


CORK XXX! 


TNZVC 
Memory 


8 6 E001 


Before execution 


AO 46 


FF 86 


CCR 


Memory 


8 6 


x10X*X 


TNZVC 


E001 


After execution 
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9.1.82 MUL (Multiply Byte Data of Accumulator) 


This instruction multiplies the low-order byte data of AH by that of AL as signed binary 
numbers, then returns the result to AL of the accumulator (A). 


@ MUL (Multiply Byte Data of Accumulator) 


@ Assembler format: 


MULA 


@ Operation: 


word (A) <— byte (AH)xbyte (AL) (Byte multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 


Number of cycles: 3 if byte (AH) is equal to "0"; 12 if byte (AH) is not equal to "0" and the result is 
positive; 13 if the result is negative. 


Correction value: 0 


@ Example: 
MULA 
AH AL AH AL 
A| 0OFA 0011 A| OOFA | FFQA 
CCR|X XX XX CCR|X X X X X 
TNZVC TNZVC 
Before execution After execution 
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9.1.83 MUL (Multiply Byte Data of Accumulator and Effective 
Address) 


Multiply the byte data of the accumulator (A) by the byte data specified by the second 
operand as signed binary numbers and restore the result in bits 0 to 15 of A. 


@ MUL (Multiply Byte Data of Accumulator and Effective Address) 


@ Assembler format: 


MUL A,ear MUL A,eam 
@ Operation: 

word (A) < byte (A) x byte (ea) (Byte multiplication) 
@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


*1:4 if byte (ear) is equal to "0"; 13 if byte (ear) is not equal to"0" and the result is positive; 14 if the result is negative. 


*2:5 + (a) if byte (eam) is equal to "0"; 14 + (a) if byte (eam) is not equal to "0" and the result is positive; 15 + (a) if the 
result is negative. 


For the explanation of (b) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MUL A,R7 
AH AL AH AL 
A| XX XX 0085 A| XX XX | 2B B9 
R7| A5 R7|A5 
CCR|X XX XX CCR|IXXXXX 
TNZVC TNZVC 
Before execution After execution 
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9.1.84 © MULW (Multiply Word Data of Accumulator) 


Multiply the word data of AH by the word data specified by AL as signed binary numbers 
and restore the result in the accumulator as long word data. 


@ MULW (Multiply Word Data of Accumulator) 


@ Assembler format: 


MULW A 


@ Operation: 


Long (A) < word (AH)xword (AL) (Word multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 


Number of cycles: 3 if word (AH) is equal to "0"; 16 if word (AH) is not equal to "0" and the result is 
positive; 19 if the result is negative. 


Correction value: 0 


@ Example: 
MULW A 
AH AL AH AL 
A| ADO1  O5ED A| FE14  2EED 
CCRIXXXXxX CCR|X X XXX 
TNZVC TNZVC 
Before execution After execution 
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9.1.85 ©MULW (Multiply Word Data of Accumulator and Effective 
Address) 


Multiply the word data of the accumulator (A) by the word data specified by the second 
operand as signed binary numbers and restore the result in A as long word data. 


@ MULW (Multiply Word Data of Accumulator and Effective Address) 


@ Assembler format: 


MULW A,ear MULW A,eam 
@ Operation: 
Long (A) <— word (A)xword (Second operand) (Word multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


*1:4 if Word (ear) is equal to "0"; 
negative. 

*2:5 + (a) if Word (eam) is equal to "0"; 
the result is negative. 


17 if Word (ear) is not equal to "0" and the result is positive; 20 if the result is 
18 + (a) if Word (eam) is not equal to "0" and the result is positive; 21 + (a) if 


For the explanation of (b) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MULW A,RW5 
AH AL AH AL 
A| XxX XxX 8342 A| DF 50. 8728 
RW5 | 4314 RW5 43 14 
CCR|X X XXX CCR|IXX XXX 
TNZVC TNZVC 
Before execution After execution 
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9.1.86 MULU (Multiply Unsigned Byte Data of Accumulator) 


Multiply the low-order byte data of AH by the low-order byte data of AL as unsigned 
binary numbers and restore the result in the AL of the accumulator (A). 


@ MULU (Multiply Unsigned Byte Data of Accumulator) 


@ Assembler format: 


MULU A 


@ Operation: 


word (A) <— byte (AH)xbyte (AL) (Byte multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 
Number of bytes: 1 
Number of cycles: 3 if byte (AH) is equal to "0"; 7 if byte (AH) is not equal to "0". 


Correction value: 0 


@ Example: 
MULU A 
Al OOFA 0011 Al) O0-PAL  -TO9A 
CCR|IXXXXX CCRIXX*xXxXxX 
TNZVC TNZVC 
Before execution After execution 
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9.1.87 MULU (Multiply Unsigned Byte Data of Accumulator and 
Effective Address) 


Multiply the byte data of the accumulator (A) by the byte data specified by the second 
operand as unsigned binary numbers and restore the result in bits 0 to 15 of A. 


@ MULU (Multiply Unsigned Byte Data of Accumulator and Effective Address) 
@ Assembler format: 
MULU A,ear MULU A, eam 
@ Operation: 


word (A) < byte (A) x byte (Second operand) (Byte multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


*1:4 if byte (ear) is equal to "0"; 8 if byte (ear) is not equal to "0". 
*2:5 + (a) if byte (eam) is equal to "0"; 9 + (a) if not equal to "0". 


For the explanation of (b) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
MULU A, R7 
A|XxX XxX 0085 A|xXxX XX 55 B9 
R7|A5 R7| A5 
CCRIXXxXxXxX CCRIXX*XXX 
TNZVC TNZVC 
Before execution After execution 
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9.1.88 MULUW (Multiply Unsigned Word Data of Accumulator) 


Multiply the word data of AH by the word data of AL as unsigned binary numbers and 
restore the result in the accumulator (A) as long word data. 


m@ MULUW (Multiply Unsigned Word Data of Accumulator) 


@ Assembler format: 


MULUW A 


@ Operation: 


Long (A) < word (AH)xword (AL) (Word multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 3 if word (AH) is equal to "0"; 11 if word (AH) is not equal to "0". 


Correction value: 0 


@ Example: 
MULUW A 
A| ADO1 | O05ED A| 0401 | 2EED 
CCR|XX* XXX CCR|IXX XXX 
TNZVC TNZVC 
Before execution After execution 


219 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.89 MULUW (Multiply Unsigned Word Data of Accumulator 


and Effective Address) 


Multiply the word data of the accumulator (A) by the word data specified by the second 
operand as unsigned binary numbers and restore the result in A as long word data. 


m@ MULUW (Multiply Unsigned Word Data of Accumulator and Effective Address) 


@ Assembler format: 
MULUW A, ear MULUW A, eam 
@ Operation: 


Long (A) <— word (A)xword (Second operand) (Word multiplication) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


*1:4 if Word (ear) is equal to "0"; 12 if Word (ear) is not equal to "0". 
*2:5 + (a) if Word (eam) is "0"; 13 + (a) if Word (eam) is not equal to "0". 


For the explanation of (c) in the table and (a) in *2, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 


MULUW A, RW5 


Kl xXx XX 88: 42 A| 2264 8728 


RW5 43 14 CCR|X XX XX RW5 | 4314 | CCRiIKXXxXxX 


Before execution After execution 


TNZVC TNZVC 
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DETAILED EXECUTION INSTRUCTIONS 


9.1.90 NEG (Negate Byte Data of Destination) 


Take the 2's complement of the byte data specified by t 


he operand and restore the 


result in the operand. If the operand is the accumulator (A), the value resulting from 


sign-extending the operation result is transferred to bit 


s8to 15 of A. 


@ NEG (Negate Byte Data of Destination) 


@ Assembler format: 


NEG A 
NEG ear NEG eam 
@ Operation: 
(Operand) < O0-(Operand) (Byte operation) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
NEG RO 
RO | 59 
CCR|X X XXX 
TNZVC 


Before execution 


RO | A7 


CCR|X 100 1 


TNZVC 


After execution 
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9.1.91 NEGW (Negate Word Data of Destination) 


Take the 2's complement of the word data specified by the operand and restore the 
result in the operand. 


m@ NEGW (Negate Word Data of Destination) 


@ Assembler format: 


NEGW A 

NEGW ear NEGW eam 
@ Operation: 

(Operand) < O0-(Operand) (Word operation) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
NEGW A 
A| Xx XX  ABQ8 A| XX XX 5468 
CCR|XX XXX CCR|X 000 1 
TNZVC TNZVC 
Before execution After execution 
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9.1.92 | NOP (No Operation) 


Perform no operation. 


m@ NOP (No Operation) 


@ Assembler format: 


NOP 


@ Operation: 


No operation is performed. 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 1 


Correction value: 0 


@ Example: 
NOP 
A. XX Kx. | KK A| XX XX XxX XX 
PC FO 00 PC FO 01 
CCR|X X XX X CCR|X XXX X 
TNZVC TNZVC 
Memory Memory 
x xX FOO1 PC X X FOO1 
PC, 0 0 FOOO 0 0 FOOO 
Before execution After execution 
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9.1.93 NOT (Not Byte Data of Destination) 


Take the logical NOT of the byte data specified by the operand and restore the result in 
the operand. 


@ NOT (Not Byte Data of Destination) 


@ Assembler format: 


NOTA 

NOT ear NOT eam 
@ Operation: 

(Operand) < not (Operand) (Byte logical NOT) 
@ CCR: 


— S, and T: Unchanged 

N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


224 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
NOT 0071H 


Eo eo ae oe o fall RKO OX 


CCR|XXX XX CCR|xX0 10x 
TNZVC TNZVC 
Memory Memory 
FOF 0071 0 0 0071 
Before execution After execution 
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9.1.94 |NOTW (Not Word Data of Destination) 


Take the logical NOT of the word data specified by the operand and restore the result in 
the operand. 


@ NOTW (Not Word Data of Destination) 


@ Assembler format: 


NOTW A 

NOTW ear NOTW eam 
@ Operation: 

(Operand) < not (Operand) (Word logical NOT) 
@ CCR: 


— S,andT: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 


@ Example: 
NOTW RW3 
RW3 25 8B RW3 DA 74 
CCR|IXX* XXX CCR|X 100x 
TNZVC TNZVC 
Before execution After execution 
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9.1.95 NRML (NORMALIZE Long Word) 


Shift the long word data of the accumulator (A) to the left until the most significant bit of 
A becomes "1", if the long word data is not "0". RO is set to the number of shifts 
required and the zero flag (Z) is cleared. 

If the long word data of the accumulator (A) is "0", RO is set to "0" and the zero flag (Z) 
is set. 


m@ NRML (NORMALIZE Long Word) 


@ Assembler format: 


NRML A,RO 


@ Operation: 


If A40: The long word data is shifted to the left until the most significant bit of A becomes 1. 
(RO) <— Number of shifts required, Z << 0 


IfA=0: (RO) 0,Z< 1 


@ CCR: 


— S,T,andN: Unchanged 


Z: Set when A is equal to "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 4 when the accumulator is equal to "0"; otherwise, 6 + (Number of shifts required) 


Correction value: 0 


@ Example: 
NRML A,RO 
A| 0000 . 8361 A| 8361 0000 
RO| 34 RO| 10 
CCR |x x X XX CCR|x xX 0 XX 
TNZVC TNZVC 
Before execution After execution 
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9.1.96 OR (Or Byte Data of Destination and Source to 
Destination) 


Take the logical OR of the byte data specified by the first operand and the byte data 
specified by the second operand and restore the result in the first operand. 


@ OR (Or Byte Data of Destination and Source to Destination) 


@ Assembler format: 


OR A,#imm8sg 

OR A,ear OR A,eam 

OR ear,A OR eam,A 
@ Operation: 

(First operand) < (First operand) or (Second operand) (Byte logical OR) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
OR 0052H,A 
A| XxX XxX | 0037 A hex | 00 87 

CCR|X X XXX CCR|X 100xX 

TNZVC TNZVC 
Memory Memory 
FA 0052 FF 0052 
Before execution After execution 
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9.1.97 OR(Or Byte Data of Immediate Data and Condition Code 
Register to Condition Code Register) 


Take the logical OR of the byte data in the condition code register (CCR) and specified 
8-bit immediate data and restore the result in the condition code register (CCR). 

Bit 7 of the immediate data is ignored because the condition code register (CCR) is 7 
bits long. 


m@ OR (Or Byte Data of Immediate Data and Condition Code Register to Condition Code 
Register) 


@ Assembler format: 


OR CCR,#imm8s 


@ Operation: 
(CCR) — (CCR) or #imm8 (Byte logical OR) 


@ CCR: 


: Stores bit 6 of the operation result. 
: Stores bit 5 of the operation result. 


: Stores bit 4 of the operation result. 


: Stores bit 2 of the operation result. 


I: 
S 
T 
N: Stores bit 3 of the operation result. 
Z 
V: Stores bit 1 of the operation result. 
C 


: Stores bit 0 of the operation result. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 
Number of cycles: 3 


Correction value: 0 
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@ Example: 
OR CCR,#57H 

A| XX XxX xX XxX A| XX XX xx XxX 
| S TN ZV C 1 S TN ZV C 
CCR |0}1/1/0/;1]0] 1 CCR|1;1/1/0,/,1 {11 
ILM2 ILM1 ILMO ILM2 ILM1 ILMO 
ILM x|x|xX ILM x|x|xX 
MSB LSB MSB LSB 
RP x|xX|xX|]xX|]xX RP x|xX/|xX/|xX |x 

Before execution After execution 
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9.1.98 ORL (Or Long Word Data of Destination and Source to 
Destination) 


Take the logical OR of the long word data for the accumulator (A) and that specified by 
the second operand and restore the result in A. 


@ ORL (Or Long Word Data of Destination and Source to Destination) 


@ Assembler format: 


ORL A,ear ORL A,eam 


@ Operation: 


(A) < (A) or (Second operand) (Long word logical OR) 


@ CCR: 


— S,andT: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
ORL A,OFFFOH 
Al 725D > FOS5C A| FF5D FASC 

CCR|IXX XXX CCR|x 100x 

TNZVC TNZVC 
Memory Memory 

FOF FFF3 FF FFF3 

5 5 FFF2 5 5 FFF2 

AA FFF1 A A FFF1 

0 0 FFFO 0 0 FFFO 

Before execution After execution 
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9.1.99 |ORW (Or Word Data of AH and AL to AL) 


Take the logical OR of the word data for AH and that for AL and restore the result in AL. 


m@ ORW (Or Word Data of AH and AL to AL) 


@ Assembler format: 


ORW A 


@ Operation: 
(AL) — (AH) or (AL) (Word logical OR) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z: Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
ORW A 
A| 04 26 AB 98 A 0426 AFBE 
CCR|X X X X X CCR|X 100X 
TNZVC TNZVC 
Before execution After execution 
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9.1.100 ORW (Or Word Data of Destination and Source to 
Destination) 


Take the logical OR of the word data specified by the first operand and the word data 
specified by the second operand and restore the result in the first operand. 


m@ ORW (Or Word Data of Destination and Source to Destination) 


@ Assembler format: 


ORW A,#imm16 

ORW A, ear ORW A,eam 

ORW ear,A ORW eam,A 
@ Operation: 

(First operand) < (First operand) or (Second operand) (Word logical OR) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
ORW 0E001H,A 


A| XxX XX 5963 A|XxXXX 5963 
CCR|X X XXX CCR|X 100X 
TNZVC TNZVC 
Memory Memory 
8 3 E002 DB E002 
4 2 E001 6 3 E001 
Before execution After execution 
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9.1.101 POPW (Pop Word Data of Accumulator from Stack 
Memory) 


Transfer the values of bits 0 to 15 for the accumulator (A) to bits 16 to 31. Then, the 
word data of the memory location pointed to by the stack pointer (SP) is transferred to 
bits 0 to 15 of A. After the data is transferred, 0002,, is word-added to the value of SP 
(word data). 


m@ POPW (Pop Word Data of Accumulator from Stack Memory) 


@ Assembler format: 


POPW A 


@ Operation: 


(A) — ((SP)) (Word transfer) 
(SP) <— (SP)+2 (Word addition) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 3 
Correction value: (c) 


For the explanation of (c), see Table 8.4-2 . 
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@ Example: 
POPW A 
A 04 22 1635 A 1635 10 AC 
SP 0120 SP 0122 
CCR|IXX XXX CCR|XX XXX 
TNZVC TNZVC 
Memory Memory 
0122 SP >| 0122 
1 (0 0121 1 (0 0121 
SP, AC 0120 AC 0120 


Before execution 


After execution 
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9.1.102 POPW (Pop Word Data of AH from Stack Memory) 


Transfer word data from the memory location pointed to by the stack pointer (SP) to AH. 
Then, 0002,, is word-added to the value of SP (word data). 


m@ POPW (Pop Word Data of AH from Stack Memory) 


@ Assembler format: 


POPW AH 


@ Operation: 


(AH) < ((SP)) (Word transfer) 
(SP) — (SP)+2 (Word addition) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 3 
Correction value: (c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 


POPW AH 


0422 1635 


4314 1635 


SP| 01 20 SP| 01 22 
CCR |X X X X X CCR |X X X X X 


TNZVC TNZVC 
Memory Memory 
0122 SP 0122 
4 3 0121 4 3 0121 
SP 1 4 0120 1 4 0120 
Before execution After execution 
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9.1.103 POPW (Pop Word Data of Program Status from Stack 
Memory) 


Transfer word data from the memory location pointed to by the stack pointer (SP) to the 
processor status (PS). Bit 7 of the word data is ignored. Then, 0002,, is word-added to 


the value of SP (word data). 


m@ POPW (Pop Word Data of Program Status from Stack Memory) 


@ Assembler format: 


POPW PS 


@ Operation: 


(PS) — ((SP)) (Word transfer) 
(SP) <— (SP)+2 (Word addition) 


The values of the corresponding bits for the stack memory are transferred. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 4 
Correction value: (c) 


For the explanation of (c), see Table 8.4-2 . 
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@ Example: 
POPW PS 
SP 0120 SP 0122 
| S TN ZV C | S TN ZV C 
CCR |X|X|xX|xX|xX|X|xX CCR;}0;}0/}1{0{|1{0/]0 
ILM2 ILM1 ILMO MSB LSB ILM2 ILM1 ILMO MSB LSB 
ILM | X|xX|xX)]RP |X| XK] xX] xX] xX ILM | Oj] 1/0] RP | O| 0 1 
Memory Memory 
0122 SP => 0122 
4 3 0121 4 3 0121 
SP> 1 4 0120 14 0120 


Before execution 


After execution 
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9.1.104 POPW (Pop Registers from Stack Memory) 


Transfer the data pointed to by the stack pointer (SP) to the multiple general-purpose 
word registers specified by the register list (rlst). 

In assembler representation, register names are enumerated as a register list. After 
assembly, the register list turns into byte data. 


m@ POPW (Pop Registers from Stack Memory) 


@ Assembler format: 


POPW rlst 


@ Operation: 
(RWx) — ((SP)) (Word transfer) 
(SP) — (SP)+2 (Word addition) 


The above operation is repeated for all the registers specified by rlst. 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 


Number of cycles: 7+ 3 x (Number of transfers) + 2 x (Largest number in the transferred registers) 
7 if rlst=0 


Correction value: | (Number of transfers)x(c) 


For the explanation of (c), see Table 8.4-2 . 
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@ Example: 
POPW (RWO,RW4) 


SP 34 FA SP 34 FE 
RWO RWO 02 01 
RW1 RW1 xX X xX 
RW2 RW2 XxX X xX X 
RW3 RW3 x xX xX X 
RW4 RW4 04 03 
RW5 RW5 xX X xX 
RW6 RW6 xX X xX 
RW7 RW7 xX X xX 

memOly aiee gp—> Memory | sare 

0 4 34FD 0 4 34FD 

0 3 | 34FC 0 3 | 34FC 

02 34FB 02 34FB 

SP—_0 1 | 34FA QO. 1 | 34FA 
Before execution After execution 
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9.1.105 PUSHW (Push Word Data of Inherent Register to Stack 
Memory) 


Decrement the value of the stack pointer (SP) by two words and transfer the word data 
of the register to the memory location pointed to by the resulting SP value. 


m@ PUSHW (Push Word Data of Inherent Register to Stack Memory) 


@ Assembler format: 


PUSHW A 
PUSHW AH 
PUSHW PS 


@ Operation: 


(SP) <— (SP)-2 (Word subtraction) 
((SP)) <— (Operand) (Word transfer) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (c) in the table, see Table 8.4-2 . 
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@ Example: 
PUSHW A 
A| 45 A4 A| 45 A4 
SP 0122 SP 0120 
CCR|X XX XX CCR|X X XXX 
TNZVC TNZVC 
Memory Memory 
SP—>| 0122 0122 
x X | 0121 4 5 0121 
xX X | 0120 SP—> A 4 0120 


Before execution 


After execution 
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9.1.106 PUSHW (Push Registers to Stack Memory) 


Transfer the contents of the multiple general-purpose word registers specified by the 
register list (rist) to the memory location pointed to by the stack pointer (SP). 

In assembler representation, register names are enumerated as a register list. After 
assembly, the register list turns into byte data. 


m@ PUSHW (Push Registers to Stack Memory) 


@ Assembler format: 


PUSHW rlst 


@ Operation: 


(SP) <— (SP)-2 (Word subtraction) 
((SP))<— (RWx) (Word transfer) 


The above operation is repeated for all the registers specified by rlst. 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 


Number of cycles: 29 +3 x (Number of transfers) — 3 x (8 — Smallest number of the transferred registers) 
8 if rlst = 0 


Correction value: | (Number of transfers)x(c) 


For the explanation of (c), see Table 8.4-2 . 
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@ Example: 
PUSHW (RW1,RW3) 


SP | 34 FE SP | 34 FA 
Rwo [x xX XX Rwo |x x xx 
RW1 35 A4 RW1 35 AA 
Rw2 |xx xx Rw2 |xx xx 
Rw3 | 6D. FO RW3 | 6D, FO 
Rw4 |xx|xx Rw4 |xx|xx 
Rws |xx|xx Rws |xx|xx 
Rwe |xx|xx Rwe |xx|xx 
Rw7 |xx|xx Rw7 |xx|xx 
p> MEMO sabe MSO aaee 
x xX | 34FD 6 D | 34FD 
x xX | 34FC F 0 | 34FC 
x xX | 34FB 3 5 | 34FB 
x X | 34FA SP} A 4 | 34FA 
Before execution After execution 
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9.1.107 RET (Return from Subroutine) 


Cause a branch to the address pointed to by the stack pointer (SP). If this instruction is 
used in combination with a subroutine call instruction (CALL, CALLV), control returns to 
the instruction following the subroutine call instruction after the branch operation is 
completed. 


@ RET (Return from Subroutine) 


@ Assembler format: 


RET 


@ Operation: 


(PC) — ((SP)) (Word transfer) 
(SP) — (SP)+2 (Word addition) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 4 
Correction value: (c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 
RET 
SP 00 62 sp 00 64 
PC |_ FO 02 PC | FC 22 
Memory Memory 
0064 SP 0064 
F C 0063 FEC 0063 
SP>| 2 2 0062 2 2 0062 
Before execution After execution 
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9.1.108 RETI (Return from Interrupt) 


This instruction returns the data in the memory that is indicated by (SSP) to PS to 
detect interrupt requests performed using IF or ILM. 

When the next interrupt request is received, the procedure branches to the detected 
interruption vector. If no next interrupt is received, the procedure will return from the 


interruption process. 


@ RETI (Return from Interrupt) 


@ Assembler format: 


RETI 


@ Operation: 


(1) _ If the next interrupt is accepted 


(PS) <—  ((SSP)) 
(S) - 
(ILM) < 


1, (PCB), (PC) < Interrupt vector address 


Accepted interrupt level 


DTB, PCB, DPR, ADB, AL, and AH are not restored. 


(2) If control is returned from the next interrupt 
(PS) e ((SSP)), (SSP) - (SSP)+2; 
(PC) e ((SSP)), (SSP) - (SSP)+2; 
(DTB),(PCB) <— ((SSP)), (SSP) << (SSP)+2; 
(DPR),(ADB) <— ((SSP)), (SSP) <— (SSP)+2; 
(AL) e ((SSP)), (SSP) << (SSP)+2; 
(AH) e ((SSP)), (SSP) - (SSP)+2 


@ CCR 


(1) If the next interrupt is accepted 


(2) If control is returned from the next interrupt 


Restored to the saved I value. 


Set 


Bday eee ea) 


: Restored to the saved T value. 
: Restored to the saved N value. 
: Restored to the saved Z value. 
: Restored to the saved V value. 


: Restored to the saved C value. 


Restored to the saved I value. 
: Restored to the saved S value. 


: Restored to the saved T value. 


: Restored to the saved Z value. 


I 
S 
T 
N: Restored to the saved N value. 
Z 
V: Restored to the saved V value. 
C 


: Restored to the saved C value. 
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@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 15 if the next interrupt is accepted; 17 if control is returned from the next interrupt 


Correction value: 3 x (b) + 2 x (c) if the next interrupt is accepted; 6 x (c) if control is returned from the 
next interrupt 


For the explanation of (b) and (c), see Table 8.4-2 . 


@ Example: 


RETI (if control is returned from the interrupt) 


A A 
xXxxXXKX xXxxXXKX FFFE DDCC 
DTB PCB PC DTB PCB PC 
xX xX xX XX 99 88 77 66 
DPR ADB DPR ADB 
xx] [xx] _ CCR _ [BB| LAA CCR 
im RP | STNZVC UM ST NZ VC 
xX XX] |X XK XK XK XK X 03 0000000 
SSB SSP SSP 
03 7F F4 80 00 
Memory 
038000 SSP 038000 
FOF 037FFF 037FFF 
EE 037FFE 037FFE 
D D 037FFD 037FFD 
CC 037FFC 037FFC 
BB 037FFB 037FFB 
AA 037FFA 037FFA 
9 9 037FF9 037FF9 
8 8 037FF8 037FF8 
7 7 037FF7 037FF7 
6 6 037FF6 037FF6 
6 1 037FF5 037FF5 
SSP 8 0 037FF4 037FF4 
Before execution After execution 
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9.1.109 RETP (Return from Physical Address) 


Cause a branch to the physical address pointed to by the stack pointer (SP). If this 
instruction is used in combination with the CALLP instruction, control returns to the 
instruction following the CALLP instruction after the branch operation is completed. 


@ RETP (Return from Physical Address) 


@ Assembler format: 


RETP 


@ Operation: 


(PC) — ((SP)), (SP) — (SP)+2 (Word addition) 
(PCB) < ((SP)) (Byte transfer), (SP) <— (SP)+2 (Word addition) 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 6 
Correction value: (d) 


For the explanation of (d), see Table 8.4-2 . 
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@ Example: 
RETP 
PC 22 FC SP F8FC PC 43 45 SP F900 
PCB | 08] USB {15 PCB |AD| USB (15 
CCR |XOXXXX*X CCR |XOXXXX*X 
ISTNZVC ISTNZVC 
Memory Memory 
x xX 15F900 SPX X 15F900 
0 0 15F8FF 0 0 15F8FF 
A.D 15F8FE AD 15F8FE 
4 3 15F8FD 4 3 15F8FD 
SP 4 5 15F8FC 4 5 15F8FC 
Before execution After execution 
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9.1.110 ROLC (Rotate Byte Data of Accumulator with Carry to 
Left) 


Rotate or shift the byte data specified by the operand to the left by one bit, including the 
carry bit (C). The most significant bit of the operand is placed in the carry bit (c). 


m@ ROLC (Rotate Byte Data of Accumulator with Carry to Left) 


@ Assembler format: 


ROLC A 
ROLC ear ROLC eam 


@ Operation: 


A or operand 


@ CCR: 


— S,and T: Unchanged 
N: Set when the MSB of the shifting result is "1", cleared otherwise. 


Z Set when the shifting result is "0", cleared otherwise. 
V: Unchanged 
C Stores the bit shifted out from the MSB of A. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
ROLC A 
fe ||) SCORER. | SK BO A|XxXXX XxX 64 
CCR|X X XX .0 CCR|X 0 0 xX 0 
TNZVC TNZVC 
Before execution After execution 
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9.1.111 RORC (Rotate Byte Data of Accumulator with Carry to 
Right) 


Rotate or shift the byte data specified by the operand to the right by one bit, including 
the carry bit (C). The least significant bit of the operand is placed in the carry bit (c). 


m@ RORC (Rotate Byte Data of Accumulator with Carry to Right) 


@ Assembler format: 


RORC A 
RORC ear RORC eam 


@ Operation: 


MSB LSB Cc 
rl al 


A or operand 


I,S, and T: Unchanged 


N: Set when the MSB of the shifting result is "1", cleared otherwise. 
Z: Set when the shifting result is "0", cleared otherwise. 

V: Unchanged 

C: Stores the bit shifted out from the LSB of A. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
RORC A 
AOR RE KO KOE A|xxXxxXxX xXx 19 
CCR |XXXxX0 CCR |X 00 XO 
TNZVC TNZVC 
Before execution After execution 
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9.1.112 SBBS (Set Bit and Branch if Bit Set) 


Cause a branch if the bit data specified by the first operand is "1". Control is 
transferred to the address resulting from word-adding the value resulting from sign- 
extending the second operand to the address of the instruction following the SBBS 
instruction. 

After the instruction has been executed, the bit specified by the first operand is set to 
as 


@ SBBS (Set Bit and Branch if Bit Set) 


@ Assembler format: 


SBBS addr16:bp,rel 


@ Operation: 


If the condition is satisfied: 
(PC) + (PC)+<Number of bytes>+rel (Word addition), (addr16:bp) < 1 
If the condition is not satisfied: 


(PC) + (PC)+<Number of bytes> (Word addition), (addr16:bp) <— 1 


@ CCR: 


— S,T,andN: Unchanged 
Z: Set when the bit data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 5 
Number of cycles: 9 if the condition is not satisfied; 10 if the condition is satisfied 
Correction value: 2x(b) 


For the explanation of (b), see Table 8.4-2 . 
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@ Example: 
SBBS 1234H:5,20H 


PC E100 


Memory 


x xX 
7 OF 1234 
xXx xX 


Before execution 


PC 


E125 


Memory 


x xX 


7OF 


x xX 


1234 


After execution 
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9.1.113 SCEQ (Scan String Byte Until Equal) 


Compare the byte data specified by AH in the space specified by <bank> with the data 
of AL. The address is incremented/decremented and RW0 is decremented until the byte 
data matches the data or RWO becomes equal to "0". 

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. By 
default, DTB is assumed. The address can be either incremented or decremented. By 
default, the address is incremented. 

If RWO is equal to "0", comparison is not performed. If an interrupt occurs during the 
execution of the instruction, the execution of the instruction is suspended to handle the 
interrupt. After the interrupt has been handled, the execution of the instruction is 
resumed. 


lm SCEQ (Scan String Byte Until Equal) 


@ Assembler format: 


SCEQ [<bank>] SCEQI [<bank>] (When the address is incremented) 
SCEQD [<bank>] (When the address is decremented) 


@ Operation: 
The following operation is repeated until RWO = 0 or ((AH)) = (AL) (Byte comparison): 
(AH) < (AH)+1 
(RWO) — (RWO)-1 


I, S, and T: Unchanged 

N: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", N 
is set when the MSB of the last compare operation result is "1", cleared otherwise. 

Z: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", Z 


is set when a match with the contents of AL is found; cleared when the instruction 
terminates with RWO being set to "0". 

V: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", V 
is set when an overflow has occurred as a result of the last compare operation; cleared 
otherwise. 

C: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", V 
is set when a borrow has occurred as a result of the last compare operation; cleared 
otherwise. 
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@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 


Number of cycles: 5 when RWO is "0", 4 + 7 x (RWO) when count-out is detected, and 7n + 5 when the 
data in the AL register matches the byte data specified by the AH register in the space 
that is specified by bank 


Correction value: | (Number of times the operation was repeated)x(b) 


For the explanation of (b), see Table 8.4-2 . 


@ Example: 
SCEQ 
AH AL AH AL 
1580 0046 1586 0046 
RWO 0100 DTB 03 RWO OOFA DTB 03 
CCRIXxX*xXxXxX CCRIXxX*xXxXxX 
TNZVC TNZVC 
Memo Memor 
Y | 031586 AH—> Y | 131586 
4 6 031585 4 6 031585 
4 8 031584 4 8 031584 
49 031583 4 9 031583 
4 D 031582 4 D 031582 
4 E 031581 4 E 031581 
AHS 5 4 031580 5 4 031580 
Before execution After execution 
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9.1.114 SCWEQ (Scan String Word Until Equal) 


Compare the word data specified by AH in the space specified by <bank> with the data 
of AL. The address is incremented/decremented and RWO is decremented until the 
word data matches the data or RWO becomes equal to "0". 

Four types of registers PCB, DTB, ADB, and SPB can be specified by <bank>. By 
default, DTB is assumed. The address can be either incremented or decremented. By 
default, the address is incremented. 

If RWO is equal to "0", comparison is not performed. If an interrupt occurs during the 
execution of the instruction, the execution of the instruction is suspended to handle the 
interrupt. After the interrupt has been handled, the execution of the instruction is 
resumed. 


m@ SCWEQ (Scan String Word until Equal) 


@ Assembler format: 


SCWEQ [<bank>] SCWEQI [<bank>] (When the address is incremented) 
SCWEQD [<bank>] (When the address is decremented) 


@ Operation: 
The following operation is repeated until RWO = 0 or ((AH)) = (AL) (Word comparison): 
(AH) — (AH)+2 
(RWO) <— (RWO)-1 


I, S, and T: Unchanged 

N: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", N 
is set when the MSB of the last compare operation result is "1", cleared otherwise. 

Z: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", Z 


is set when a match with the contents of AL is found; cleared when the instruction 
terminates with RWO being set to "0". 

V: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", V 
is set when an overflow has occurred as a result of the last compare operation; cleared 
otherwise. 

C: Unchanged if the initial value of RWO is "0". If the initial value of RWO is not "0", V 
is set when a borrow has occurred as a result of the last compare operation; cleared 
otherwise. 


261 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 2 


Number of cycles: 5 when RWO is "0", 4 + 7 x (RWO) when count-out is detected, and 7n + 5 when the 
data in the AL register matches the byte data specified by the AH register in the space 
that is specified by bank 


Correction value: | (Number of times the operation was repeated) x (c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 
SCWEQ 
AH AL AH AL 
C000  OOFF C006  £OOFF 
RWO 00 03 DTB | DE RWO 00 00 DTB |DE 
CCR|X X XXX CCR|xX 100 1 
TNZVC TNZVC 
Memory Memory 
E 6 | DECOO6 AH—> _E 6 DEC006 
E 5 DECO005 E 5 DECO005 
E 4 DEC004 E 4 DEC004 
E 3 DEC003 E 3 DEC003 
E 2 DECO002 E 2 DECO002 
E 1 DECOO01 E 1 DECOO01 
AH E 0 DECO000 E 0 DECO000 
Before execution After execution 
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9.1.115 SETB (Set Bit) 


Set the contents of the bit address specified by the operand to "1". 


™ SETB (Set Bit) 


@ Assembler format: 


SETB addr16:bp 
SETB dir:bp 
SETB io:bp 


@ Operation: 


(Operand) b< 1 (Bit transfer) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (b) in the table, see Table 8.4-2 . 


@ Example: 
SETB OAA55H:4 


CCR | 00000 CCR | 00000 
TNZVC TNZVC 
Memory Memory 

x X x xX 
6 F AA55 7 OF AA55 
xX X x xX 

Before execution After execution 
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9.1.116 SUB (Subtract Byte Data of Source from Destination to 
Destination) 


Subtract the byte data specified by the second operand from the byte data specified by 
the first operand and restore the result in the first operand. If the first operand is A, "0" 
is transferred to bits 8 to 15 of A. 


@ SUB (Subtract Byte Data of Source from Destination to Destination) 


@ Assembler format: 


SUB A,#imm8 SUB A,dir 


SUB A,ear SUB A,eam 

SUB ear,A SUB eam,A 
@ Operation: 

(First operand) < (First operand)—(Second operand) (Byte subtraction) 
@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 2 2 2 2+ 2 2+ 
Number of cycles 2 5 3 44+(a) 3 5+(a) 
Correction value 0 (b) 0 (b) 0 2x(b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
SUB A,#22H 
A Xxx xX 4901 A xx XX  OODF 
CCR|IX XXXxX CCR|X 100 1 
TNZVC TNZVC 
Before execution After execution 
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9.1.117 SUBC (Subtract Byte Data of AL from AH with Carry to 
AL) 


Subtract the low-order byte data of AL and the carry bit (C) from the low-order byte data 
of AH and restore the result in AL. "0" is transferred to bits 8 to 15 of the accumulator 


(A). 


lm SUBC (Subtract Byte Data of AL from AH with Carry to AL) 


@ Assembler format: 


SUBC A 


@ Operation: 
(AL) — (AH)-(AL)-(C) (Byte subtraction with a carry) 


I, S, and T Unchanged 

N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z: Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
SUBCA 


A 0505 00 D4 A 0505 00 30 
CCR|X XX XX CCR|X 100 1 


TNZVC TNZVC 


Before execution After execution 
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9.1.118 SUBC (Subtract Byte Data of Effective Address from 
Accumulator with Carry to Accumulator) 


Subtract the byte data specified by the second operand and the carry bit (C) from the 
byte data of the accumulator (A) and restore the result in A. "0" is transferred to bits 8 
to 15 of A. 


m SUBC (Subtract Byte Data of Effective Address from Accumulator with Carry to 
Accumulator) 


@ Assembler format: 


SUBC A,ear SUBC A,eam 


@ Operation: 


(A) — (A)-Second operand)-(C) (Byte subtraction with a carry) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z: Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 2 2+ 
Number of cycles 3 4+(a) 
Correction value 0 (b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
SUBC A,RI1 
A| XX XxX 00 35 A| XX XxX 00 E1 
Ri | 54 R1 | 54 
CCRIX XX xX 0 CCR!IX 100 1 
TNZVC TNZVC 
Before execution After execution 


268 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.119 SUBCW (Subtract Word Data of Effective Address from 
Accumulator with Carry to Accumulator) 


Subtract the word data specified by the second operand and the carry bit (C) from the 
low-order word data of the accumulator (A) and restore the result in A. 


m@ SUBCW (Subtract Word Data of Effective Address from Accumulator with Carry to 
Accumulator) 


@ Assembler format: 


SUBCW A,ear SUBCW A,eam 


@ Operation: 


(A) — (A)-Second operand)-(C) (Word subtraction with a carry) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z: Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C: Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 2 2+ 
Number of cycles 3 4+(a) 
Correction value 0 (b) 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 


269 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


@ Example: 
SUBCW A,0E024H 


xx XX 7558 xx XxX | CBFC 
CCRIX XXX 1 CCR|x 100 1 
TNZVC TNZVC 
Memory Memory 
A 9 E025 A 9 E025 
5 B E024 5 B E024 
Before execution After execution 
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9.1.120 SUBDC (Subtract Decimal Data of AL from AH with Carry to 
AL) 


Subtract the low-order byte data of AL and the carry bit (C) from the low-order byte data 
of AH and restore the result in AL. "0" is transferred to bits 8 to 15 of A. 


m@ SUBDC (Subtract Decimal Data of AL from AH with Carry to AL) 


@ Assembler format: 


SUBDC A 


@ Operation: 


(AL) — (AH)-(AL)-(C) (Decimal subtraction with a carry) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z: Set when the operation result is "0", cleared otherwise. 

V: Undefined 

C: Set when a borrow has occurred as a result of the decimal operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 3 


Correction value: 0 


@ Example: 
SUBDC A 
A| XX 86 XX 86 A| XX 86 0000 
CCR|X X X X 0 CCR|X 0100 
TNZVC TNZVC 
Before execution After execution 
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9.1.121 SUBL (Subtract Long Word Data of Source from 
Destination to Destination) 


Subtract the long word data specified by the second operand from the long word data of 
the accumulator (A) and restore the result in A. 


@ SUBL (Subtract Long Word Data of Source from Destination to Destination) 


@ Assembler format: 

SUBL A,#imm32 

SUBL A,ear SUBL A,eam 
@ Operation: 


(First operand) < (First operand)—(Second operand) (Long word subtraction) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 
First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
SUBL A,OFD12H 
A| 34B3 F201 E254 C044 
CCR |X X X X X CCR|X 100 1 
TNZVC TNZVC 
Memory Memory 

FD16 FD16 

5 2 FD15 5 2 FD15 

5 F FD14 5 F FD14 

3.4 FD13 3 1 FD13 

BD FD12 B D FD12 

Before execution After execution 
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9.1.122 SUBW (Subtract Word Data of Source from Destination to 
Destination) 


Subtract the word data specified by the second operand from the word data specified by 
the first operand and restore the result in the first operand. 


m@ SUBW (Subtract Word Data of Source from Destination to Destination) 


@ Assembler format: 
SUBW A,#imm16 
SUBW A,ear SUBW A,eam 
SUBW ear,A SUBW eam,A 
@ Operation: 


(First operand) < (First operand)—(Second operand) (Word subtraction) 


@ CCR: 


= S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
SUBW @RWO0+,A 
A| XX XX 3104 ASRS | 8104 
RWO E2 A4 RWO | E2 A6 
CCR|X XXX X CCR|X 0000 
TNZVC TNZVC 
Memory Memory 
5 D E2A5 2 C E2A5 
A B E2A4 A 7 E2A4 
Before execution After execution 
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9.1.123 SUBW (Subtract Word Data of AL from AH to AL) 


Subtract the word data of AL from the word data of AH and restore the result to AL. 


m@ SUBW (Subtract Word Data of AL from AH to AL) 


@ Assembler format: 


SUBWA 


@ Operation: 


(AL) — (AH)-(AL) (Word subtraction) 


I,S, and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 

Z Set when the operation result is "0", cleared otherwise. 

V: Set when an overflow has occurred as a result of the operation, cleared otherwise. 
C Set when a borrow has occurred as a result of the operation, cleared otherwise. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
SUBW A 
Al 83A2 1019 Al 83A2 | 7389 
CCR|XX XXX CCR|X 0010 
TNZVC TNZVC 
Before execution After execution 
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9.1.124 SWAP (Swap Byte Data of Accumulator) 


Swap the high- and low-order bytes of the word data for the accumulator (A) with each 
other. 


m@ SWAP (Swap Byte Data of Accumulator) 


@ Assembler format: 


SWAP 


@ Operation: 


(A) 0 to 7 (A) 8 to 15 (Byte swapping) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 3 


Correction value: 0 


@ Example: 
SWAP 
A| XX XX — 0690 A|XxXXX 9006 
CCR|XX XXX CCR|IXX* XXX 
TNZVC TNZVC 
Before execution After execution 
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9.1.125 SWAPW (Swap Word Data of Accumulator) 


Swap the high- and low-order words of the long word data for the accumulator (A) with 
each other. 


m@ SWAPW (Swap Word Data of Accumulator) 


@ Assembler format: 


SWAPW 


@ Operation: 


Bits 0 to 15 of A <> Bits 16 to 31 of A (Word swapping) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
SWAPW 
A| 1986 9861 A| 9861 1986 
CCR|IXX XXX CCRIxXx xxx 
TNZVC TNzvc 
Before execution After execution 
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9.1.126 UNLINK (Unlink and Create New Stack Frame) 


Restore an old frame pointer from a stack. 


@ UNLINK (Unlink and Create New Stack Frame) 


@ Assembler format: 


UNLINK 


@ Operation: 
(sp) <— (RW3), (RW3) — ((sp)), (sp) <— (sp)+2 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 5 
Correction value: —(c) 


For the explanation of (c), see Table 8.4-2 . 


@ Example: 
UNLINK 
SP EO 00 SP EO 22 
RW3 E020 RW3 AO 46 
Memory Memory 
A_0O 
4 6 E020 SP—>|_ xX X E022 
A_0O E021 
4 6 E020 
SP—|_ X X E000 
Before execution After execution 
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9.1.127 WBTc (Wait until Bit Condition Satisfied) 


This instruction keeps reading data from the bit address specified by the operand until 
that data satisfies the conditions. Once the data at the specified bit address satisfies 
the conditions, control is transferred to the instruction subsequent to the WBTc 
instruction. 


@ WBTc (Wait until Bit Condition Satisfied) 


@ Assembler format: 


WBTC io:bp 
WBTS io:bp 


@ Operation: 


Data is read from the bit address specified by io:bp until the data satisfies the condition. If the data from 
the bit address satisfies the condition, control is transferred to the next instruction. 


Interrupts are acceptable while the read operation is repeated with the condition not satisfied. If an 
interrupt is generated in this state, the RETI instruction causes control to return to the WBTc instruction, 


not to the instruction following the WBTc instruction. 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


Instruction WBTC WBTS 


Condition Bit data=0 Bit data=1 


Number of bytes 


Number of cycles Undefined Undefined 


Correction value Until the condition is satisfied | Until the condition is satisfied 
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@ Example: 
WBTS 34H:7 
PC E100 
Memory 

; x xX Data is read from address 34,, until bit 7 is set to "1" 

Peripheral ic 7 F 3 (because of resource operation, for example). 
register [7 F_ | 0034, When bit 7 becomes "1", execute the next instruction. 
x X 
Before execution After execution 


281 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.128 XCH (Exchange Byte Data of Source to Destination) 


Exchange the byte data specified by the first operand with that specified by the second 
operand. 
If the first operand is A, the high-order byte of AL is set to 004. 


™@ XCH (Exchange Byte Data of Source to Destination) 


@ Assembler format: 


XCH A,ear XCH A,eam 

XCH Ri,ear XCH Ri,eam 
@ Operation: 

(First operand) <> (Second operand) (Byte exchange) 
@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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XCH R4,@RWO0+ 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


RWO 00 60 


R4 | F1 


CCR|X X XXX 


TNZVC 


Memory 


RwW0o—> 


0061 


2 2 0060 


Before execution 


RWO 


RWO 00 61 


R4 | 22 


CCR|X X XXX 


TNZVC 
Memory 
0061 
F 1 0060 


After execution 
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9.1.129 XCHW (Exchange Word Data of Source to Destination) 


Exchange the word data specified by the first operand with that specified by the second 
operand. 


m@ XCHW (Exchange Word Data of Source to Destination) 


@ Assembler format: 
XCHW A,ear XCHW A,eam 
XCHW RWiear XCHW RWi,eam 
@ Operation: 


(First operand) <> (Second operand) (Word exchange) 


@ CCR: 


None of the flags is changed. 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
XCHW A,@RWO 


A| XX XxX 34 B4 A| XX XX 2D 58 
RWO EO 01 RWO EO 01 
CCR|X X XXX CCR|IXXXXxX 
TNZVC TNZVC 
Memory Memory 
2D E002 3 4 E002 
RWO—> 5 8 E001 RWO—> B 4 E001 
Before execution After execution 
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9.1.130 XOR (Exclusive Or Byte Data of Destination and Source 
to Destination) 


Take the logical exclusive OR of the byte data specified by the first operand and the 
byte data specified by the second operand and restore the result in the first operand. 


m@ XOR (Exclusive Or Byte Data of Destination and Source to Destination) 


@ Assembler format: 


XOR A,#imm8s 
XOR A,ear XOR A,eam 
XOR ear,A XOR eam,A 


@ Operation: 


(First operand) < (First operand) xor (Second operand) (Byte logical exclusive OR) 


@ CCR: 


= S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (b) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
XOR 0052H,A 

A| XxX XxX 0055 A| XxX XX 0055 
CCR|X XXX X CCR|xX 100xX 
TNZVC TNZVC 

Memory Memory 
FA 000052 AF 000052 
Before execution After execution 
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9.1.131 XORL (Exclusive Or Long Word Data of Destination and 
Source to Destination) 


Take the logical exclusive OR of the long word data for the accumulator (A) and that 
specified by the second operand and restore the result in A. 


@ XORL (Exclusive Or Long Word Data of Destination and Source to Destination) 


@ Assembler format: 


XORL A,ear XORL A,eam 


@ Operation: 


(A) < (A) xor (Second operand) (Long word logical exclusive OR) 


@ CCR: 


—. S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

Cc Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (d) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
XORL A,OFFFOH 
A| 8252  FEAC A| 7D07  54AC 

CCR|X XXX X CCR|xX000xX 

TNZVC TNZVC 
Memory Memory 

FOF FFF3 FOF FFF3 

5 5 FFF2 5 5 FFF2 

AA FFF1 AA FFF1 

0 0 FFFO 0.0 FFFO 

Before execution After execution 
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9.1.132 XORW (Exclusive Or Word Data of AH and AL to AL) 


Take the logical exclusive OR for the word data of AH and that of AL and restore the 
result in AL. 


m@ XORW (Exclusive Or Word Data of AH and AL to AL) 


@ Assembler format: 


XORW A 


@ Operation: 


(AL) <— (AH) xor (AL) (Word logical exclusive OR) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

Cc Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 2 


Correction value: 0 


@ Example: 
XORW A 
A| 0426 AB 98 Al 0426 AFBE 
CCR|X X X XX CCR|IX 100*x 
TNZVC TNZVC 
Before execution After execution 
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9.1.133 XORW (Exclusive Or Word Data of Destination and 
Source to Destination) 


Take the logical exclusive OR of the word data specified by the first operand and the 
word data specified by the second operand and restore the result in the first operand. 


m@ XORW (Exclusive Or Word Data of Destination and Source to Destination) 


@ Assembler format: 


XORW A,#imm16 
XORW A,ear XORW A,eam 
XORW ear,A XORW eam,A 


@ Operation: 


(First operand) < (First operand) xor (Second operand) (Word logical exclusive OR) 


@ CCR: 


— S,and T: Unchanged 


N: Set when the MSB of the operation result is "1", cleared otherwise. 
Z Set when the operation result is "0", cleared otherwise. 

V: Cleared 

C Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


First operand 


Second operand 


Number of bytes 


Number of cycles 


Correction value 


For the explanation of (a) and (c) in the table, see Table 8.4-1 and Table 8.4-2 . 
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@ Example: 
XORW 0E001H,A 


A| Xx XxX | 5963 


COR RXR 


TNZVC 
Memory 
8 3 E002 
4 2 E001 


Before execution 


XX XX 


59 63 


CCR 


Memory 


x100X 


TNZVC 


E002 
E001 


After execution 
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9.1.134 ZEXT (Zero Extend from Byte Data to Word Data) 


Transfer "0" to bits 8 to 15 of the accumulator (A). 


@ ZEXT (Zero Extend from Byte Data to Word Data) 


@ Assembler format: 


ZEXT 


@ Operation: 


Bits 8 to 15 of AH 00yq 


@ CCR: 


— S,and T: Unchanged 
N: Cleared 


Z: Set when the zero-extended data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 1 


Correction value: 0 


@ Example: 
ZEXT 
A| XX XX | XX 80 A| XxX XX | 0080 
CCR|X X XXX CCR|X00XxX 
TNZVC TNZVC 
Before execution After execution 


293 


CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS 


9.1.135 ZEXTW (Zero Extend from Word Data to Long Word Data) 


Transfer "0" to bits 16 to 31 of the accumulator (A). 


m@ ZEXTW (Zero Extend from Word Data to Long Word Data) 


@ Assembler format: 


ZEXTW 


@ Operation: 
Bits 16 to 31 of A< 0000y 


@ CCR: 


— S,andT: | Unchanged 
N: Cleared 
Z: Set when the zero-extended data is "0", cleared otherwise. 


V and C: Unchanged 


@ Number of bytes, Number of cycles, and Correction value: 


Number of bytes: 1 
Number of cycles: 1 


Correction value: 0 


@ Example: 
ZEXTW 
A| XX XX FF 80 A| 0000 |. FF 80 
CCR|IXXxXxXxX CCRIxX00XX 
TNZVC TNZVC 
Before execution After execution 
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APPENDIX 


This appendix includes lists and maps of instructions 
for the F2MC-16LX. 


APPENDIX A Explanation of Instruction Lists 
APPENDIX B F?MC-16LX Instruction Lists (351 Instructions) 
APPENDIX C F°MC-16LX Instruction Maps 
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APPENDIX A_ Explanation of Instruction Lists 


This section explains items and symbols used in each instruction list included in 
Appendix B. 


A.1 Items Used in Instruction Lists 
A.2 Symbols Used in Instruction Lists 
A.3 Effective Address Field 


A.4 Calculating the Number of Execution Cycles 
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A.1_ Items Used in Instruction Lists 


Table A-1 explains the items used in the instruction lists. 


@ Explanation of the Items Used in the Instruction Lists 


Table A-1 Explanation of the Items Used in the Instruction Lists (1 / 2) 


Upper-case letters and symbols: Described as they appear in assembler. 
Mnemonic Lower-case letters: Replaced when described in assembler. 
Numbers after lower-case letters: Indicate the bit width within the instruction. 


Indicates the number of bytes. 


Indicates the number of cycles. 
See Table A-4 for details about meanings of letters in items. 


Indicates the register access count during execution of instruction. 
Used to calculate compensation values for CPU intermittent operation. 


Indicates the compensation value for calculating the number of actual cycles during 
execution of instruction. 

The number of actual cycles during execution of instruction is the compensation 
value summed with the value in the "~" column. 


Operation Indicates operation of instruction. 


Indicates special operations involving bits 15 through 08 of the accumulator. 
Z: Transfers "0". 
X: Sign-extended transfer through sign extension. 
- : Transfers nothing. 


Indicates special operations involving the high-order 16 bits in the accumulator. 
*: Transfers from AL to AH. 
- : No transfer 
Z: Transfers 00,q to AH. 


X: Transfers 00, or FFy to AH using sign extension AL. 


Indicates the status of each of the following flags: I (interrupt enable), S (stack), 
T (sticky bit), N (negative), Z (zero), V (overflow), and C (carry). 

*: Changes due to execution of instruction. 

- : No change 

S: Set by execution of instruction. 

R: Reset by execution of instruction. 


297 


APPENDIX 


Table A-1 Explanation of the Items Used in the Instruction Lists (2 / 2) 


Item Description 


Indicates whether the instruction is a read-modify-write instruction (a single 
instruction that reads data from memory, etc., processes the data, and then writes 
the result to memory.). 


*: Instruction is a read-modify-write instruction. 
-: Instruction is not a read-modify-write instruction. 
Note: 
A read-modify-write instruction cannot be used on addresses that have different 
meanings depending on whether they are read or written. 


@ Number of Execution Cycles 
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The number of cycles required to execute instructions (number of execution cycles) is the summation of the 
number of cycles of each instruction, the compensation value determined by conditions, and the number of 
cycles required to fetch programs. If, however, a program stored in memory that is connected to a 16-bit 
bus such as internal ROMs is to be fetched, program fetch is executed every time instructions being 
executed exceed the two byte (one word) boundary. Therefore, interference with data access will increase 
the number of execution cycles. Since program fetch is executed for each byte of instructions being 
executed when a program stored on the memory connected to an external 8-bit bus is fetched, data access 
interference will increase the number of execution cycles. 


When access is made to general-purpose registers, built-in ROMs, built-in RAMs, built-in I/O units, or 
external buses during CPU intermittent operation, the CPU clock suspends its operation for the number of 
cycles that is specified by the CGO/CG1 bit of the low-power-consumption-mode control register. Therefore, 
to obtain the number of cycles required to execute instructions during CPU intermittent operation, add 
these compensation values (the number of accesses multiplied by the number of cycled suspended) to the 
number of normal execution cycles. 
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A.2 Symbols Used in Instruction Lists 


Table A-2 explains the symbols used in the instruction lists. 


@ Explanation of the Symbols Used in the Instruction Lists 


Table A-2 Explanation of the Symbols Used in the Instruction Lists (1 / 2) 


Explanation 


32 bit accumulator 

The bit length used is different for each instruction. 
Byte: Lower 8 bits of AL 
Word: 16 bits of AL 
Long: 32 bits of AL and AH 


Upper 16 bits of A 


Lower 16 bits of A 


Stack pointer (USP or SSP) 


Program counter 


Program bank register 


Data bank register 


Additional data bank register 


System stack bank register 


User stack bank register 


Direct page register 


DTB, ADB, SSB, USB, DPR, PCB 


DTB, ADB, SSB, USB, DPR 


RO, RI, R2, R3, R4, R5, R6, R7 


RO, R1, R2, R3 


RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7 


RWO, RW1, RW2, RW3 


RLO, RL1, RL2, RL3 


dir Abbreviated direct addressing 


addr16 Direct addressing 


addr24 Physical direct addressing 


ad24 0-15 BitO to bit15 of address 24 
ad24 16-23 Bit16 to bit23 of address 24 
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Table A-2 Explanation of the Symbols Used in the Instruction Lists (2 / 2) 


Explanation 


1/O area (000000); to OOOOFF},) 


4-bit immediate data 


8-bit immediate data 


16-bit immediate data 


32-bit immediate data 


ext (imm8) 16-bit data signed and extended from 8-bit immediate data 


disp8 8-bit displacement 


disp 16 16-bit displacement 


Bit offset value 


Vector number (0 to 15) 


Vector number (0 to 255) 


Bit address 


Branch specification relative to PC 


Effective addressing (codes 00 to 07) 


Effective addressing (codes 08 to 1F) 


Register list 


300 


A.3 Effective Address Field 


APPENDIX A Explanation of Instruction Lists 


Table A-3 lists address formats used in the effective address field. 


H Effective Address Field 


Table A-3 Effective Address Field 


Notation 


RO 
R1 
R2 
R3 
R4 
RS 
R6 


R7 


Address format 


Register direct 
Starting from the left, "ea" corresponds to the 
byte, word and long-word types. 


Number of bytes 
of address 


expansion part 


@RWO 
@RWI1 
@RW2 
@RW3 


Register indirect 


@RW0+ 
@RWI1+ 
@RW2+ 
@RW3+ 


Register indirect with post-incrementing 


@RWO0+disp8 
@RW1+disp8 
@RW2+disp8 
@RW3+disp8 
@RW4+disp8 
@RW5+disp8 
@RW6+disp8 
@RW7+disp8 


Register indirect with 8-bit displacement 


@RW0+disp16 
@RW1+4disp16 
@RW2+disp16 
@RW3+disp16 


Register indirect with 16-bit displacement 


@RWO0+RW7 
@RWI1+RW7 
@PC+disp16 
addr16 


Register indirect with index 
Register indirect with index 
PC indirect with 16-bit displacement 


Direct address 


* + The number of bytes of the address expansion part is shown in the "#" (number of bytes) column or the figure 
before "+" in the expression of bytes in the instruction details. 
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A.4 Calculating the Number of Execution Cycles 


Table A-4 , Table A-5 , and Table A-6 show the method of calculating the number of 
execution cycles of instructions. 


@ Calculating the Number of Execution Cycles 
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Table A-4 Number of Execution Cycles for Designating Each Effective Address 


Operand 


(a) 
Number of execution cycles 
for each form of addressing 


Listed in Table of Instructions 


Number of accesses for 
each form of addressing 


Listed in Table of Instructions 


@RWj 


@RWj+ 


@RWi+disp8 


@RWj+disp16 


@RW0+RW7 
@RW1+RW7 
@PC+disp16 
addr1l6 


* + (a) is used in "~" (number of cycles), "B" (compensation value) (both in "APPENDIX B F’MC-16LX Instruction 
Lists (351 Instructions)", and in "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS". 


APPENDIX A Explanation of Instruction Lists 


Table A-5 Compensation Values for Calculating the Number of Execution Cycles 


(b) byte © (c) word * (d) long” 


Operand Ancess 


count 


Access 
count 


Access 


Cycles count 


Cycles Cycles 


Internal register 


Internal register even 
address 


Internal register odd 
address 


Even address on external 
data bus (16-bits) 


Odd address on external 
data bus (16-bits) 


External data bus 
(8-bit) 


* + (b), (c), and (d) are used in "~" (number of cycles), "B" (compensation value) (both in "APPENDIX B F°MC- 
16LX Instruction Lists (351 Instructions)", and in "CHAPTER 9 DETAILED EXECUTION INSTRUCTIONS". 


Note: 
If external data buses are used, add the number of cycles that are weighted with ready input and 
automatic ready. 
Table A-6 Compensation Values for Calculating The Number of Program Fetch Cycles 
Instruction Byte boundary Word boundary 
Internal memory - +2 
External data bus (16-bit) 
External data bus (8-bit) 
Notes: 


e lf external data buses are used, add the number of cycles that are weighted with ready input and 
automatic ready. 

¢ Since all cases of program fetch do not delay the execution of instructions, use this compensation 
value to calculate the worst case value. 
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APPENDIX B_ F2MC-16LX Instruction Lists (351 Instructions) 


This appendix lists the instructions used in assembler. 


For items and symbols for each instruction list, see "APPENDIX A Explanation of 
Instruction Lists". 


B.1 Transfer Instructions 

B.2 Numeric Data Operation Instructions 
B.3 Logical Data Operation Instruction 
B.4 Shift Instruction 

B.5 Branch Instructions 

B.6 Other Instructions 
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B.1 Transfer Instructions 


Table B-1 and Table B-2 lists the transfer instructions of the F7MC-16LX. 
e Transfer instruction (Byte): 41 instructions in Table B-1 
¢ Transfer instruction (Word/Long-word): 38 instructions in Table B-2 


@ Transfer Instructions 


Table B-1 Transfer Instruction (Byte): 41 Instructions 


Mnemonic ~ RG B Operation LH | AH | ||} S|TIN Vv} Cc | RMW 


A, dir byte (A) < (dir) 
A,addr16 byte (A) < (addr16) 
A,Ri byte (A) < (Ri) 

A,ear byte (A) < (ear) 

byte (A) < (eam) 

byte (A) < (io) 

byte (A) < (imm8) 

byte (A) — ((A)) 

byte (A) — ((RLi)+disp8) 
byte (A) — imm4 

byte (A) < (dir) 

byte (A) < (addr16) 

byte (A) < (Ri) 

byte (A) < (ear) 

byte (A) < (eam) 

byte (A) < (io) 

byte (A) < imm8 

byte (A) < ((A)) 

byte (A) — ((RWi)+disp8) 
byte (A) — ((RLi)+disp8) 
byte (dir) + (A) 

byte (addr16) < (A) 

byte (Ri) < (A) 

byte (ear) + (A) 

byte (eam) ¢ (A) 

byte (io) < (A) 

byte ((RLi)+disp8) < (A) 
byte (Ri) < (ear) 

byte (Ri) < (eam) 

byte (ear) + (Ri) 

byte (eam) < (Ri) 

byte (Ri) — imm8s 

byte (io) < imm8 

byte (dir) + imm8 

byte (ear) + imm8 


A,eam 

A,io 

A,#imms 
A,@A 
A,@RLi+disp8 
A,fimm4 

A,dir 

A,addr1l6 

A,Ri 

A,ear 


wNNnN WY 


WN 


NN 


A,eam 

A,io 

A,fimms 
A,@A 
A,@RWi+disp8& 
A,@RLi+disp8 
dir,A 

addrl6,A 

RiA 

ear,A 


wewnw ton & wle 
& 
xx mm MK KKK KIN NNNNNNNNN 


S 


we 
wtwnapaw 


eam,A 

io,A 
@RLi+disp8,A 
Ri,ear 


Ri,eam 
ear,Ri 
eam,Ri 
Ri#fimm8s 
io,#imm8 


dir,#imms 


mp OOCOrR KF NF NYMITOCrR KR CO O;NeKP CO Co cCOorr CO o;onoococoorerecoo 


ear,#imm8 


eam,#imm8 byte (eam) < imm8 

@AL,AH byte ((A)) < (AH) 

A,ear byte (A) © (ear) 

A,eam byte (A) © (eam) 

Ri,ear byte (Ri) © (ear) 

Ri,eam byte (Ri) © (eam) 
Note: See Table A-4 and Table A-5 for information on (a) and (b) in the table. 
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Table B-2 Transfer Instruction (Word/Long-word): 38 Instructions 


Mnemonic ~ RG B Operation LH | AH} | |} S|]T}|N/Z]V4}C} RMW 


A,dir word (A) € (dir) 
A,addrl6 word (A) < (addr16) 
A,SP word (A) < (SP) 

A,RWi word (A) — (RWi) 

A,ear word (A) < (ear) 

word (A) < (eam) 

word (A) € (io) 

word (A) € ((A)) 

word (A) <— imm16 

word (A) — ((RWi)+disp8) 
word (A) < ((RLi)+disp8) 
word (dir) < (A) 

word (addr16) <— (A) 
word (SP) < (A) 

word (RWi) < (A) 

word (ear) < (A) 

word (eam) < (A) 

word (io) < (A) 

word ((RWi)+disp8) < (A) 
word ((RLi)+disp8) < (A) 
word (RWi) < (ear) 

word (RWi) < (eam) 
word (ear) <— (RWi) 

word (eam) < (RWi) 
word (RWi) < imm16 
word (io) — imm16 

word (ear) — imm16 


A,eam 

A,io 

A,@A 
A#imm16 

A, @RWi+disp8 
A, @RLi+disp8 
dir,A 

addr16,A 

SPA 

RWi,A 

ear,A 


eam,A 
i0,A 


@RWi+disp8,A 
@RLi+disp8,A 
RWi,ear 
Rwi,eam 


ear,Rwi 
eam,Rwi 
RWi,#imm16 
io,#imm16 
ear,#imm16 
eam,#imm16 
@AL,AH 
A,ear 


word (eam) < imm16 
word ((A)) <— (AH) 
word (A) © (ear) 
word (A) © (eam) 
word (RWi) © (ear) 
word (RWi) <> (eam) 
long (A) € (ear) 
long (A) + (eam) 
long (A) — imm32 
long (earl) + (A) 
eam,A long(eam1) < (A) 
Note: See Table A-4 and Table A-5 for information on (a), (c) and (d) in the table. 


A,eam 
RWi, ear 
RWi, eam 
A,ear 


ONIN BONC OF ORF NF NYHNKYK COR FP COCO O;NrFNMPCoCcCOrRF CCS 


A,eam 
A#fimm32 
ear,A 


on 
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B.2 Numeric Data Operation Instructions 


The numeric data operation instructions of the F2MC-16L are listed in the following five 
tables: 

¢ Table B-3 for addition and subtraction (Byte/Word/Long-word) : 42 instructions 

Table B-4 for increment and decrement (Byte/Word/Long-word) : 12 instructions 
Table B-5 for compare (Byte/Word/Long-word) : 11 instructions 

Table B-6 for unsigned multiplication and division : 11 instructions (Word/Long-word) 
Table B-7 for signed multiplication and division : 11 instructions (Word/Long-word) 


@ Numeric Data Operation Instructions 


Table B-3 Addition and Subtraction (Byte/Word/Long-word): 42 Instructions 


Mnemonic ~ RG B Operation LH | AH} 1 | S] T RMW 


A,#imm8 byte (A) < (A) + imm8 

A,dir byte (A) < (A) + (dir) 

A,ear byte (A) < (A) + (ear) 

A,eam byte (A) < (A) + (eam) 

ear,A byte (ear) < (ear) + (A) 
eam,A byte (eam) < (eam) + (A) 

A byte (A) <— (AH) + (AL) + (C) 
A,ear byte (A) < (A) + (ear)+ (C) 
A,eam 2 byte (A) + (A) + (eam)+ (C) 
A byte (A) — (AH) + (AL) + (C) 
(decimal) 

A,#imm8 byte (A) < (A) - imm8 

A,dir byte (A) < (A) - (dir) 

A,ear byte (A) < (A) - (ear) 

A,eam é byte (A) < (A) - (eam) 

ear,A 3 byte (ear) + (ear) - (A) 


NNNNN' NNNN 


NNNN 


eam,A E byte (eam) < (eam) - (A) 

A byte (A) < (AH) - (AL) - (C) 
A,ear byte (A) < (A) - (ear) - (C) 
A,eam 2 byte (A) < (A) - (eam) - (C) 
A byte (A) < (AH) - (AL) - (C) 


(decimal) 
A word (A) < (AH) + (AL) 
A,ear word (A) < (A) + (ear) 
A,eam 2 word (A) < (A) + (eam) 
A,#imm16 word (A) — (A) + imm16 
ear,A word (ear) < (ear) + (A) 
eam,A é word (eam) < (eam) + (A) 
A,ear word (A) < (A) + (ear) + (C) 
A,eam a word (A) < (A) + (eam) + (C) 
A word (A) <— (AH) - (AL) 
A,ear word (A) < (A) - (ear) 
A,eam 2 word (A) < (A) - (eam) 
A,#imm16 word (A) < (A) - imm16 
ear,A word (ear) < (ear) - (A) 
eam,A a word (eam) < (eam) - (A) 
A,ear word (A) < (A) - (ear) - (C) 
A,eam 2 word (A) < (A) - (eam) - (C) 
A,ear long (A) < (A) + (ear) 
A,eam 2 long (A) < (A) + (eam) 
A,#imm32 long (A) < (A) + imm32 
A,ear long (A) < (A) - (ear) 
A,eam 2 long (A) < (A) - (eam) 
A,#imm32 long (A) < (A) - imm32 

Note: See Table A-4 and Table A-5 for information on (a) to (d) in the table. 
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Table B-4 Increment and Decrement (Byte/Word/Long-word): 12 Instructions 


Mnemonic Operation 


byte (ear) < (ear) + 1 


byte (eam) < (eam) + | 


byte (ear) < (ear) - 1 


byte (eam) < (eam) - | 


word (ear) < (ear) + 1 


word (eam) < (eam) + 1 


word (ear) < (ear) - 1 


word (eam) < (eam) - | 


long (ear) < (ear) + 1 


long (eam) < (eam) + 1 


long (ear) < (ear) - 1 


long (eam) < (eam) - 1 


Note: See Table A-4 and Table A-5 for information on (a) to (d) in the table. 


Table B-5 Compare (Byte/Word/Long-word): 11 Instructions 


Mnemonic Operation 
A byte (AH) - (AL) 
A,ear byte (A) - (ear) 
A,eam byte (A) - (eam) 
A,#imm8 byte (A) - imm8 
A word (AH) - (AL) 
A,ear word (A) - (ear) 


A,eam word (A) - (eam) 
A,#imm16 word (A) - imm16 
A,ear long (A) - (ear) 


A,eam long (A) - (eam) 
A,#imm32 long (A) - imm32 
Note: See Table A-4 and Table A-5 for information on (a) to (d) in the table. 
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Table B-6 Unsigned Multiplication and Division: 11 Instructions (Word/Long-word) 


Mnemonic Operation 


word (AH) / byte (AL) 
quotient > byte (AL) 
Remainder > byte (AH) 
word (A) / byte (ear) 
quotient > byte (A) 
Remainder > byte (ear) 
word (A) / byte (eam) 
quotient > byte (A) 
Remainder — byte (eam) 
long (A) / word (ear) 
quotient > word (A) 
Remainder 4 word (ear) 


long (A) / word (eam) 
quotient > word (A) 
Remainder > word (eam) 


byte (AH) * byte (AL) > word (A) 
byte (A) * byte (ear) > word (A) 
byte (A) * byte (eam) > word (A) 
word (AH) * word (AL) > Long (A) 
word (A) * word (ear) > Long (A) 
word (A) * word (eam) > Long (A) 


*1: 3 for zero-divide, 7 for overflow, 15 for normal 

*2: 4 for zero-divide, 8 for overflow, 16 for normal 

*3: 6 + (a) for zero-divide, 9 + (a) for overflow, 19 + (a) for normal 
*4: 4 for zero-divide, 7 for overflow, 22 for normal 

*5: 6 + (a) for zero-divide, 8 + (a) for overflow, 26 + (a) for normal 
*6: (b) for zero-divide or overflow, 2 x (b) for normal 

*7: (c) for zero-divide or overflow, 2 x (c) for normal 

*8: 3 when byte (AH) is 0, 7 when byte (AH) is not 0 

*9: 4 when byte (ear) is 0, 8 when byte (ear) is not 0 

*10: 5 + (a) when byte (eam) is 0, 9 + (a) when byte (eam) is not 0 
*11: 3 when word (AH) is 0, 11 when word (AH) is not 0 

*12: 4 when word (ear) is 0, 12 when word (ear) is not 0 

*13: 5 + (a) when word (eam) is 0, 13 + (a) when word (eam) is not 0 
Note: See Table A-4 and Table A-5 for information on (a), (b) and (c) in the table. 
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Table B-7 Signed Multiplication and Division: 11 Instructions (Word/Long-word) 


Mnemonic Operation 


word (AH) / byte (AL) 
quotient > byte (AL) 
Remainder > byte (AH) 
word (A) / byte (ear) 
quotient > byte (A) 
Remainder > byte (ear) 


word (A) / byte (eam) 
quotient > byte (A) 
Remainder > byte (eam) 


long (A) / word (ear) 
quotient > word (A) 
Remainder — word (ear) 


long (A) / word (eam) 
quotient > word (A) 
Remainder > word (eam) 


byte (AH) * byte (AL) > word (A) 
byte (A) * byte (ear) > word (A) 
byte (A) * byte (eam) > word (A) 
word (AH) * word (AL) > Long (A) 
word (A) * word (ear) > Long (A) 
word (A) * word (eam) > Long (A) 


*1: 3 for zero-divide, 8 or 18 for overflow, 18 for norma 
*2: 4 for zero-divide, 11 or 22 for overflow, 23 for normal 
*3: 5 + (a) for zero-divide, 12 + (a) or 23 + (a) for overflow, 24 + (a) for normal 
*4: If the dividend is positive: 4 for zero-divide, 12 or 30 for overflow, 31 for normal 
If the dividend is negative: 4 for zero-divide, 12 or 31 for overflow, 32 for normal 

*5: If the dividend is positive: 5 + (a) for zero-divide, 12 + (a) or 31 + (a) for overflow, 32 + (a) for normal 

If the dividend is negative: 5 + (a) for zero-divide, 12 + (a) or 32 + (a) for overflow, 33 + (a) for normal 
*6: (b) for zero-divide or overflow, 2 x (b) for normal 
*7: (c) for zero-divide or overflow, 2 x (c) for normal 
*8: 3 when byte (AH) is 0, 12 when the result is positive, 13 when the result is negative 
*9: 4 when byte (ear) is 0, 13 when the result is positive, 14 when the result is negative 
*10: 5 + (a) when byte (eam) is 0, 14 + (a) when the result is positive, 15 + (a) when the result is negative 
*11: 3 when word (AH) is 0, 16 when the result is positive, 19 when the result is negative 
*12: 4 when word (ear) is 0, 17 when the result is positive, 20 when the result is negative 
*13: 5 + (a) when word (eam) is 0, 18 + (a) when the result is positive, 21 + (a) when the result is negative 
Notes: 

¢ There are two numbers of execution cycles when overflow occurs during execution of the DIV and DIVW instructions, depending on the number of execution cycles is 

detected before or after operation. 
¢ The content of AL is corrupted when overflow occurs during execution of the DIV and DIVW instructions. 
¢ See Table A-4 and Table A-5 for information on (a), (b) and (c) in the table. 
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B.3 Logical Data Operation Instruction 


The logical data operation instructions of the F2MC-16L are listed in the following four 
tables: 

¢ Table B-8 for logic 1 (Byte/Word): 39 instructions 

¢ Table B-9 for logic 2 (Long): 6 instructions 

¢ Table B-10 for sign inversion (Byte/Word): 6 instructions 

¢ Table B-11 for normalize instructions (Long): 1 instruction 


@ Logical Operation Instruction 


Table B-8 Logic 1 (Byte/Word): 39 Instructions (1 / 2) 


< 


Mnemonic Operation 


A,#imm8 byte (A) < (A) and imm8 
A,ear 3 byte (A) < (A) and (ear) 

A,eam byte (A) < (A) and (eam) 
ear,A 3 byte (ear) < (ear) and (A) 


ARA RR 


eam,A byte (eam) < (eam) and (A) 


A,#imm8 byte (A) < (A) or imm8 
A,ear 3 byte (A) < (A) or (ear) 

A,eam byte (A) < (A) or (eam) 
ear,A 3 byte (ear) < (ear) or (A) 


PRA AD 


eam,A byte (eam) < (eam) or (A) 


A,#imm8 byte (A) < (A) xor imm8 
A,ear 3 byte (A) < (A) xor (ear) 
A,eam byte (A) < (A) xor (eam) 
ear,A 3 byte (ear) < (ear) xor (A) 
eam,A byte (eam) < (eam) xor (A) 
byte (A) < not (A) 

byte (ear) < not (ear) 

byte (eam) < not (eam) 
word (A) < (AH) and (A) 
A,#imm16 word (A) < (A) and imm16 
A,ear 3 word (A) < (A) and (ear) 


A,eam word (A) < (A) and (eam) 


ear,A 3 word (ear) < (ear) and (A) 


AAR RA RAIA APA DARA DW 


eam,A word (eam) < (eam) and (A) 


A 0 word (A) < (AH) or (A) 
A,#imm16 0 word (A) < (A) or imm16 
A,ear 3 0 word (A) < (A) or (ear) 
A,eam word (A) < (A) or (eam) 


ear,A 3 word (ear) < (ear) or (A) 


ARPA RAD 


eam,A word (eam) < (eam) or (A) 
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Table B-8 Logic 1 (Byte/Word): 39 Instructions (2 / 2) 


Mnemonic Operation 


A word (A) < (AH) xor (A) 
A,#imm16 word (A) < (A) xor imm16 
A,ear word (A) < (A) xor (ear) 
A,eam 2 word (A) < (A) xor (eam) 
word (ear) < (ear) xor (A) 
word (eam) < (eam) xor (A) 
word (A) < not (A) 


word (ear) < not (ear) 


ARPA RA RAR ALK 


word (eam) < not (eam) 


Note: See Table A-4 and Table A-5 for information on (a), (b) and (c) in the table. 


Table B-9 Logic 2 (Long): 6 Instructions 


Mnemonic Operation 
long (A) + (A) and (ear) 
long (A) < (A) and (eam) 


long (A) < (A) or (ear) 


long (A) < (A) or (eam) 


long (A) < (A) xor (ear) 
long (A) < (A) xor (eam) 
Note: See Table A-4 and Table A-5 for information on (a) and (d) in the table. 


Table B-10 Sign Inversion (Byte/Word): 6 Instructions 


Mnemonic Operation 
byte (A) < 0 - (A) 

byte (ear) < 0 - (ear) 
byte (eam) < 0 - (eam) 
word (A) — 0 - (A) 


word (ear) < 0 - (ear) 


word (eam) < 0 - (eam) 


Note: See Table A-4 and Table A-5 for information on (a), ( b) and (c) in the table. 


Table B-11 Normalize Instruction (Long): 1 Instruction 


[wenn Poe Pe [een Pen f T e[n 2 To 


NRML A,RO long (A) < Shift to the first bit which is set to 1 
formerly placed 
byte (RO) < Number of shifts at that time 


*1: 4 when all accumulators have a value of 0; otherwise, 6+(RO) 
Note: See Table A-3 and Table A-4 for information on (a), ( b) and (c) in the table. 
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B.4 Shift Instruction 


Table B-12 lists 18 shift instructions of F2MC-16L. 


# Shift Instruction 


Table B-12 Shift Instructions (Byte/Word/Long-word): 18 Instructions 


Mnemonic Operation 


byte (A) < Right rotate with carry 
byte (A) < Left rotate with carry 


byte (ear) < Right rotate with carry 
byte (eam) < Right rotate with carry 
byte (ear) — Left rotate with carry 


byte (eam) < Left rotate with carry 


A,RO 0 byte (A) < Arithmetic right shift (A, RO) 
A,RO 0 byte (A) < Logical right barrel shift (A, RO) 
A,RO 0 byte (A) < Logical left barrel shift (A, RO) 
A word (A) < Arithmetic right shift (A, 1 bit) 
A/SHRW A word (A) < Logical right shift (A, 1 bit) 
A/SHLW A word (A) < Logical left shift (A, 1 bit) 


A,RO F word (A) < Arithmetic right barrel shift (A, RO) 
A,RO 0 word (A) < Logical right barrel shift (A, RO) 
A,RO 0 word (A) < Logical left barrel shift (A, RO) 
A,RO F long (A) < Arithmetic right barrel shift (A, RO) 
A,RO 0 long (A) < Logical right barrel shift (A, RO) 
A,RO 0 long (A) < Logical left barrel shift (A, RO) 


*1: 6 when RO is 0; otherwise, 5 + (RO) 
*2: 6 when RO is 0; otherwise, 6 + (RO) 
Note: See Table A-4 and Table A-5 for information on (a) and (b) in the table. 
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B.5 Branch Instructions 


The branch instructions of the F2MC-16L are listed in the following two tables: 
¢ Table B-13 for branch 1: 31 instructions 
¢ Table B-14 for branch 2: 19 instructions 


#@ Branch Instruction 


Table B-13 Branch 1: 31 Instructions 


Mnemonic ~ RG B Operation LH | AH} ||} S|]T}|N/Z]V4}C} RMW 


BZ/BEQ rel Branch on (Z) = 1 
BNZ/BNE rel Branch on (Z) =0 
BC/BLO rel 
BNC/BHS _ rel 
BN rel 
BP rel 
BV rel 


a 


Branch on (C) = 1 

Branch on (C) = 0 

Branch on (N) = | 

Branch on (N) = 0 

Branch on (V) = 1 

Branch on (V) =0 

Branch on (T) = 1 

Branch on (T) = 0 

Branch on (V) xor (N) = 1 

Branch on (V) xor (N) = 0 

Branch on ((V) xor (N)) or (Z) = 1 
Branch on ((V) xor (N)) or (Z) = 0 
Branch on (C) or (Z) = 1 

Branch on (C) or (Z) = 0 


rel 
BT rel 
rel 
rel 
rel 
rel 
rel 


rel 


rel 


Nv NY NY NY NY NY NN NY NNN NY NYY VY NY 


rel Unconditional branch 
@A word (PC) < (A) 
addr16 word (PC) < addr16 
@ear word (PC) < (ear) 


o_ 


@eam word (PC) < (eam) 

@ear *3 word (PC) < (ear), (PCB) < (ear+2) 

@eam *3 word (PC) < (eam), (PCB) < (eam+2) 
addr24 word (PC) < ad24 0-15, (PCB) < ad24 16-23 
@ear *4 word (PC) < (ear) 

@eam *4 word (PC) < (eam) 

addr16 *5 word (PC) < addr16 


#vet4 *5 Vector call instruction 

@ear *6 word (PC) < (ear)0-15, (PCB) < (ear)16-23 
@eam *6 11+(a) word (PC) < (eam)0-15, (PCB) < (eam)16-23 
addr24 *7 10 word (PC) < addr0-15, (PCB) < addr16-23 


*1: 4 when branch is made, 6 when branch is not made 

*2: 3 x (c) + (b) 

*3: Read the branched address (word) 

*4: W: Save to stack (word), R: Read the branched address (word) 
*5: Save to stack (word) 

*6: W: Save to stack (long), R: Read the branched address (long) 
*7: Save to stack (long) 

Note: See Table A-4 and for information on (a) to (d) in the table. 
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CBNE A#fimm8,rel 
CWBNE_ A,#imm16,rel 


APPENDIX B_F*MC-16LX Instruction Lists (351 Instructions) 


Branch on byte (A) not equal to imm8 


Branch on word (A) not equal to imm16 


ear,#imm8,rel 


So 


eam,#imm8,rel *9 


ear,#imm16,rel 


eam,#imm16,rel*9 


Branch on byte (ear) not equal to imm8 
Branch on byte (eam) not equal to imm8 
Branch on word (ear) not equal to imm16 


Branch on word (eam) not equal to imm16 


ear,rel 
eam,rel 
ear,rel 


eam,rel 


Branch on byte (ear) = (ear) - 1, (ear) not equal to 0 
Branch on byte (eam) = (eam) - 1, (eam) not equal to 0 
Branch on word (ear) = (ear) - 1, (ear) not equal to 0 


Branch on word (eam) = (eam) - 1, (eam) not equal to 0 


#vct8 
addrl6 
addr24 


Soo 8 8 8 8/6 wWinW WS 


#imm8 


Software interrupt 
Software interrupt 
Software interrupt 


Software interrupt 


Return from interrupt 


At the entrance of function, save old frame pointers im 
stack, set up new frame pointers, reserve area for local 
pointers. 


At the exit of function, recover the old frame pointers from 
the stack. 


: 5 when branch is made, 4 when branch is not made 

: 13 when branch is made, 12 when branch is not made 

: 7 + (a) when branch is made, 6 + (a) when branch is not made 
: 8 when branch is made, 7 when branch is not made 

: 7 when branch is made, 6 when branch is not made 

: 8 + (a) when branch is made, 7 + (a) when branch is not made 
: 3 x (b) + 2 x (c) when the sequence is branched to the next interrupt request, 6 x (c) when returned from the current interruption 
: 15 when the sequence is branched to the next interrupt request, 17 when returned from the current interruption 
"9; 


Return from subroutine 


Return from subroutine 


Do not use the RWj + addressing mode for the CBNE/CWBNE instruction. 
*10: Return from stack (word) 
*11: Return from stack (long) 
Note: See Table A-5 and Table A-5 for information on (a) to (d) in the table. 
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B.6 Other Instructions 


Other instructions of the F27MC-16L are listed in the following four tables: 

¢ Table B-15 for other control systems (Byte/Word/Long-word) : 28 instructions 
¢ Table B-16 for bit operation instructions: 21 instructions 

¢ Table B-17 for accumulator operation instructions (Byte/Word): 6 instructions 
¢ Table B-18 for string instructions: 10 instructions 


@ Other Instructions 


Table B-15 Other Control Systems (Byte/Word/Long-word): 28 Instructions 


Mnemonic Operation 

word (SP) < (SP) - 2, ((SP)) < (A) 
word (SP) < (SP) - 2, ((SP)) < (AH) 
word (SP) < (SP) - 2, ((SP)) < (PS) 
(SP) < (SP) - 2n, ((SP)) € (ist) 
word (A) < ((SP)), (SP) < (SP) +2 
word (AH) < ((SP)), (SP) < (SP) +2 
word (PS) < ((SP)), (SP) < (SP) +2 
(rlst) — ((SP)), (SP) <— (SP) 


rist 

@A 
CCR,#imm8s 
CCR,#imm8s 
RP#imms 
ILM,#imm8 
RWi,ear 
RWi,eam 


Context switching instruction 
byte (CCR) < (CCR) and imm8 
byte (CCR) < (CCR) or imm8s 
byte (RP) — imm8 

byte (ILM) < imm8 

word (RWi) < ear 


word (RWi) < eam 


1 
1 
1 
2 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 


N 
a 


A,ear word (A) < ear 


N 
+ 


A,eam word (A) + eam 


#imm8 
#imm16 
A,brg1 
brg2,A 


word (SP) < ext(imm8) 
word (SP) — imm16 
byte (A) < (brg1) 

byte (brg2) < (A) 


No operation 
Prefix code for AD space access 
Prefix code for DT space access 


Prefix code for PC space access 


coo oc o};Cco oJo COFJCoC OF KF ITO CO}]CO COF;O 


Prefix code for SP space access 


Prefix code for flag unchange setting 


SFP ee Be Be Be Bl NIH bv 


o 


Prefix for common register banks 


*1: 1 for PCB, ADB, SSB, USB, and SPB 2 for DTB and DPR 

*2: 7 +3 x (number of POP operations) + 2 x (number of the last register that operates POP), 7 when RLST = 0 (no transfer register) 

*3: 29 + 3 x (number of PUSH operations) - 3 x (number of the last register that operates PUSH), 8 when RLST = 0 (no transfer register) 
*4: (number of POP operations) x c, or (number of PUSH operations) x ¢ 

*5: (number of POP operations), or (number of PUSH operations) 

Note: See Table A-4 and Table A-5 for information on (a) and (c) in the table. 
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Table B-16 Bit Operation Instruction: 21 Instructions 


Mnemonic Operation 
A,dir:bp 
A,addr16:bp 
A,io:bp 
dir:bp,A 
addr16:b 
io:bp,A 
dir:bp 
addr16:b 


byte (A) < (dir:bp)b 
byte (A) < (addr1l6:bp)b 
byte (A) < (io:bp)b 

bit (dir:bp)b — (A) 

bit (addr16:bp)b <— (A) 
bit (io:bp)b — (A) 

bit (dir:bp)b < 1 
bit (addr16:bp) 


bit (io:bp)b — 


io:bp 
dir:bp 
dr16:bj 
io:bp 


w 


bit (dir:bp)b — 
bit (addr16:bp)b — 0 
bit (io:bp)b — 0 
Branch on (dir:bp) b = 0 
Branch on (addr16:bp) b = 0 
Branch on (io:bp) b = 0 
Branch on (dir:bp) b = 1 
Branch on (addr16:bp) b = 1 
Branch on (io:bp) b = 1 
Branch on (addr16:bp) b = 1, bit = 1 
Waits until (io:bp) b = 1 

WBTC io:bp 3 *4 0 *5 Waits until (io:bp) b = 0 - - - - - - - - - - 


5 
5 
4 
7 
7 
6 
oT 
7 
L 
7 
Wi 
7 


wow 


ir:bp,re 
dr16:b) 


io:bp,rel 


ir:bp,re 
dr16:bp,rel 
io:bp,rel 

dr16:bp,rel 


wlntR wn IR NW fF 


*1: 8 when branch is made, 7 when branch is not made 

*2: 7 when branch is made, 6 when branch is not made 

*3: 10 when the condition is met, 9 when the condition is not met 
*4: Undefined count 

*5: Until the condition is met 

Note: See Table A-5 for information on (b) in the table. 


Table B-17 Accumulator Operation Instruction (Byte/Word): 6 Instructions 


Mnemonic Operation 
byte (A)0-7 © (A)8-15 

word (AH) © (AL) 

Byte signed extension 


Word signed extension 


Byte zero extension 


Word zero extension 
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Table B-18 String Instruction : 10 Instructions 


Mnemonic ~ RG B Operation LH |} AH] !1|/S/TJNJ]Z/V4C | RMW 


byte transfer @AH+ «+ @AL+, counter = RWO 
byte transfer @ AH- <— @AL-, counter = RWO 
byte search @AH+ < AL, counter RWO 

byte search @AH- < AL, counter RWO 


oe 


MOVS / MOVSI 
MOVSD 

SCEQ / SCEQI 
SCEQD 

FILS / FILSI 
MOVSW / MOVSWI 
MOVSWD 

SCWEQ / SCWEQI 
SCWEQD 

FILSW / FILSWI 


*1: 5 when RWO is 0, 4+ 7 x (RWO) when count-out is detected, and 7n + 5 when the data in the AL register matches the byte data specified by the AH register in the space that 
is specified by bank 

*2: 5 when RWO is 0, 4 + 8 x (RWO) for otherwise 

*3: (b) x (RWO) + (b) X (RWO):To access different areas for sources and destinations, calculate item (b) separately each other. 

*4: (b) xn 

*5: 2 x (b) x (RWO) 

*6: (c) X (RWO) + (c) X (RWO):To access different areas for sources and destinations, calculate item (c) separately each other. 

*7:(c)xXn 

*8: (b) x (RWO) 

Notes: ¢ m: RWO value (counter value), n: Number of loops 


byte fill @AH+ < AL, counter RWO 

word transfer @AH+ < @AL+, counter = RWO 
word transfer @AH- < @AL-, counter = RWO 
word search @ AH+ - AL, counter = RWO 

word search @ AH- - AL, counter = RWO 

word fill @AH+ < AL, counter = RWO 


no YY YY YIM KY YY WKY WY 


« See Table A-5 for information on (b) and (c) in the table. 
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APPENDIX C_ F?MC-16LX Instruction Maps 


This appendix describes F2MC-16LX instruction maps. 


C.1 Structure of the Instruction Map 
C.2 Basic Page Map 

C.3 Bit Operation Instruction Map 
C.4 Character String Operation Instruction Map 
C.5 2-byte Instruction Map 

C.6 ea-type Instruction Map 

C.7 MOVEA RWi, ea Instruction Map 
C.8 MOV Ri, ea Instruction Map 

C.9 MOVW RWi, ea Instruction Map 
C.10 MOV ea, Ri Instruction Map 
C.11 MOVW ea, RWi Instruction Map 
C.12 XCH Ri, ea Instruction Map 
C.13 XCHW RWi, ea Instruction Map 
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C.1 Structure of the Instruction Map 


Since the instruction code of the F2MC-16LX consists of one- and two-byte instructions, 
the instruction map consists of more than one page that can be used for one- and two- 
byte instructions. 


@ Structure of the Instruction Map 


Figure C-1 shows the structure of the instruction map. 


Figure C-1 Structure of the Instruction Map 


Basic page map : First byte 
i i Character strin : : 
Bit operation eperahan g 2 byte ea type : Second byte 
instruction instruction instructions instruction x 9 


The instruction code is described on the basic page map for one-byte instructions (such as the NOP 
instruction). For two-byte instructions (such as the MOVS instruction), see the basic page map to find the 
name of the map that describes the second byte of the instruction code to be referenced next. 


Figure C-2 shows the relationship between actual instruction codes and instruction maps. 
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Figure C-2 Relationship Between Actual Instruction Codes and Instruction Maps 


Instruction 
code 


*: Extended page map is a generic name for bit operation instruction, character string 
operation instruction, 2-byte instruction, and ea-type instruction. More than one extended 


First byte 


May not exist for 
some instruction. 


The length varies 
| | | depending on 
instructions. 


‘Second byte! Operand {; Operand 


[Basic page map] 


” [Extended page map]* 


UV 


page map exists for each type of instruction. 
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C.2 Basic Page Map 


Table C-1 shows the basic page map. 


@ Basic Page Map 
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1 Basic Page Map 


Table C 


|24 
SHd/ONa 


[24 
018/04 


[24 
ANda/ZNa 


[24 
034/Za 


uolons}sul|}s|y 
aihq-2 


MdQOd 


1S 
MHSNd 


Vv 
MLON 


MOINW 


uOjOnUsUl 
uoyeiado |S d 
Buns sayoereyug 


MdOd 


Sd 
MHSNd 


Ol# ‘VW 
MuOX 


MuOX 


HV 
MHSNd 


Ol# 'V 
MxO 


MYO 


Vv 
MHSNd 


Ol# ‘VW 
MQNV 


MQNV 


cet ‘V 
TAOW 


OL# 'V 
MdW9 


Vv 
MdW9 


yelppe 
dLNi 


Ol# ‘V 
MAOW 


84 “OL# 
‘VY ANEMO} 


104 “gH 
‘WV ANO 


9 IMU 


VAAOW 


glippe 


Vv “Ip 
MAOW 


OL# 'V 
MsnNs 


Mans 


6 UOHONASU! 
"~~" ee 


BPAF 


HIP “W 
MAOW 


Ol# ‘V 
Maav 


Maav 


g uononsul 
rn) 


Vv ‘dS 
MAOW 


LON 


Mn 


Z uojonsul 
"~~" ee 


ds ‘V 
MAOW 


Vv 
NAId 


g uononsul 
rn) 


velppe 
dTlvo 


HIP “W 
XAOW 


8# “YOO 
yO 


g uononsul 
rn =) 


9LAppe 
TIVO 


8H “IP 
AOW 


8# ‘YHOO 
aNvV 


 uoNONsUI 
rn) 


yeeppe 
ddwr 


8H 'V 
XAOW 


€ uonOnAsul 
re =) 


9LAppe 


oH 'V 
AOW 


z uononjsul 
rn -) 


VO 


Vy ‘4p 
AOW 


} UOHON}sU! 
eo 


HIP “W 
AOW 


Note: For the information about ea-type instruction from (1) to (9), see Table C.6,"ea-type Instruction". 
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C.3 Bit Operation Instruction Map 


Table C-2 shows the bit operation instruction map. 
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6Cy) 


Map 
Table C-2 Bit Operation Instruction Map (First Byte 


ion 


@ Bit Operation Instruct 


jeu'da:9 Lyppe 
sda 


[ea ‘dquip 


jer'da:g Lippe 
ogg 


dq:9 Lippe 
alas 


dq:9 Lippe 
gy190 


V'da:g Lippe | y ‘da:11p 


da:9 Lippe 
‘V GAOW 


<x a oO a Ww 7 
+ + + + + + 


[op) 
+ 


Jeu ‘dq:o! 
sad 


Jeu ‘da‘or 
odd 


Te) rte) 
+ + 


vt 
+ 


oO oa N 
+ + 


fap) 
+ 


+ 
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C.4 Character String Operation Instruction Map 


Table C-3 shows the character string operation instruction map. 
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6E,) 


ion Map 


ion Instructi 


ing Operat 
Table C-3 Character String Operation Instruction Map (First Byte 


@ Character Str 


dS “ddS 


“dds 


ddS ‘ald 


‘aav ‘ala 


‘ad ‘dOd 


JOd ‘ddd 
GSAOW ' —ISAOW 
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C.5 2-byte Instruction Map 


Table C-4 shows the 2-byte instruction map. 
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6Fy) 


byte Instruction Map (First Byte 


-4 2- 


Table C 


@ 2-byte Instruction Map 


SP+Z1HO ‘V |V ‘SP+c HO 


SP+1Td® ‘V/V ‘SPH THO 


SP+O1HO ‘V |V ‘SP+OTHO 
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C.6 ea-type Instruction Map 


ea-type instruction maps (first byte = 70), to first byte = 78,,) are shown in the following 


nine tables: 
Table C-5 for ea-type instruction (1) (first byte = 70,,) 


Table C-6 for ea-type instruction (2) (first byte = 71,4) 
Table C-7 for ea-type instruction (3) (first byte = 72,,) 
Table C-8 for ea-type instruction (4) (first byte = 73,,) 
Table C-9 for ea-type instruction (5) (first byte = 74,,) 
Table C-10 for ea-type instruction (6) (first byte = 75,,) 
Table C-11 for ea-type instruction (7) (first byte = 76,,) 
Table C-12 for ea-type instruction (8) (first byte = 77},) 
Table C-13 for ea-type instruction (9) (first byte = 78,,) 
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irst 


n (1) (F 


Instructio 


-5 ea-byte 


-type Instruction Map 
Table C 


Hea 


peyqiyoid 


QLAppe 
‘WV 1dOX 


9LP+Od® 
‘VY THOX 


ZMe+WH® 
‘VY 1dOX 


ZMHOVH® 
‘VY THOX 


QLPHEMY® 
‘VY 1dOX 


9LP+CMYH® 
‘VY THOX 


9LPtLMY® 
‘VY THOX 


9LPHOMYH® 
‘VY THOX 


+emMdo'V 
THOX 


+¢MUO'V 


\ THOX 


9 Lippe 
‘VY 140 


9LP+Od® 
‘VY THO 


+1IMd@V |ZMet+WVd® 


eMY © ‘V 
7YOX 


IMHO ‘Vv 
THOX 


OMY O'V 


9LPtCMYO 
‘VY THO 


9LP+LMY® 
‘VY 1HO 


9LPHOMY® 
‘VY 1HO 


SP+ZMY® 
‘VY 1HO 


+EMHO'V 
A THO 


+7MUOV 
: THO 


+MHO'V 
HO 


+OMHO'V 
THO 


SMYO‘'V 
HO 


ZMYO'V 
1 THO 


LMHO‘V 
; HO 
OMYO‘'V 
WO 


eu ‘Vv 
HO 


9LJppe 


+EMUO'V 


9 Lippe 
‘Vv IdNO 


+EMUO'V 
TdWO 


194 ‘OL# 


104 ‘OL# 
9IPHEMY © 


104 “OL# 
9IP+CMY © 


104 ‘OL# 
9IPtLMY © 


104 ‘OQ L# 
9LP+OMY © 


‘peuqiyoid 


9LAppe +EMdO'V 


‘vans . 


Tans 
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t Byte = 71,,) 


Irs 


ion ies Ms 


6 ea-type Instruct 


Table C 


Qluppe = ' +EMHO'V 
‘V V3AON : VAAOW 


91P+Od® '+2MHO'V 
‘V V3AON, VAAOW 


ZMd+1LMY® + LMHO‘V 
‘VVSAON' W3AOW 


ZMY+OMY® + +OMYO‘V 
‘VWSAON' WSAOW 


QIP+EMY® .EMYO‘W 
‘VW3AON' _V3AOW 


91P+ZMHO .CMHO‘'V 
‘VW WAAON: VAAOW 


QIP+LMY® ' IMHO 'V 
'V VaNON. VAAOW 


QIP+OMH® ' ‘OMH®* Vv 
‘VV3AOW, WAAOW 


SP+ZMH® ‘ZMH ‘Y 
‘YWSAOW! VAAOW 


8P+9MY © ‘OMY Vv 
Vv VAAOW' WAAOW 


8P+SMH® +SMH ‘VY 
‘V WAAON! VAAOW 


SP+PMH® . MH ‘V 
‘V W3AOW: VAAOW 


SPTEMY® 'EMHY ‘V 
‘VVSAOW, VSAOW 


8P+cMUY® 'oMUY Vv 
‘VV VAAOW, WSAOW 


8P+LMY® 'LMy ‘V 
‘VVSAOW! VSAOW 


8P+OMH® :OMH ‘V 
‘YWAAOW' V3AOW 


8# ‘QLIppe | BH ‘+EMU® 


BH ZMU+LMHO '8# “+1MH® 
BH ZMUFOMHO + 8# ‘+OMH © 
AON ' 


8#'9LPHEMYO .8# ‘EMYO 
AON 


S#'9LPHLMHO | 8# ‘LMY® 
poms \ 


8#'SP+OMHO +8# ‘OH 
AOW' — AOW 


V‘guppe ivtEMydo 
TAOW! ' AON 


V ‘91P+Od@ ! y +ZMYO 
TAOW, AON 


V'ZMUtLMH® 'W'+ LM © 
TAOW | AON 


V'LMYtOMHO | ¥"+OMY ® 
TAOW' TAOW 


VOLPHEMYO sW'EMHO 
AON: —_TAOW 


VOLPHZMHO | W'CMHO 
NOW + i TAOW 


V'9LPHLMY® | V'LMY® 
NOW TAOW 


V'OIPTOMH® ' “OMe ® 
AOW , TAOW 


V'8PtZMY® 'V ‘ETH 
JAOW' = 7AOW 


V'8P+9MHO VW ‘ETH 
TAOW' TAO 


V'8P+SMY® Vv ‘7TH 
TOW! ; TAOW 


V'8P+PMH® |W ‘21H 
AOW: ' TAOW 


V'eP+emy® iV “Vd 
AON , TAOW 


V'8P+LMH® VW ‘OTH 
TAOW! = TAOW 


V'8P+OMH® + ‘OTH 
TAOW' TAO 


guuppe = | +eM HOV 
‘y TAOW: TAO 


9LP+Od © | +2MYO'V 
Vv AON: AON 


ZMYt+ MYO +1LMYdO'V 
‘V TAON, AON 


JMH+OMH® '+0MHO ‘Y 
‘YTAOW! = TAO 


9IP+EMY © '€MYO'V 
‘Vv TAON' TAON 


QLP+ZMH® .<MY OV 
V TAOW! AON 


QIP+LMY® | IMHO ‘VW 
V TOW: TAOW 


91P+OMY © ‘OMHo'V 
‘VY TAON, AON 


8P+ZMY® ‘1d Vv 
‘VV TAOWN, TAOW 


8P+9MHY® '€1Y ‘V 
‘Y TAOW! TAOW 


8P+SMH © 27H “W 
‘y TAOW! — TAOW 


8P+>MH® (71H ‘V 
V TAOW: AON 


BP+EMY © | 11H ‘V 
V TAOW: TAON 


8P+2MY® '1 1d ‘V 
V TAOW, TAOW 


8P+LMY® ‘ou Vv 
‘VY TAOW; ~=T1AOW 


8P+OMHY® '071H ‘V 
‘VY TAOW! TAOW 


9glippe 
O40: 


tEMYO 


1040 


9LP+Od® 4ZMU® 


Joga; 


704d 


ZMUYt+LMY® '+LMY® 


70a! 


1040 


ZMYtOMY® : +tOMYO 


03d! 


704d 


QLP+EMY® .LMYO 


104d! 


1040 


91P+ZMY® ;cMHO 


1030) 


704d 


QLPtLMY® | LMY® 
704d: 


1040 


9LPtOMY® 'OMY® 


Joa} 


8P+ZMH® ‘61H 
7030 | 


8P+9MH® 614 
1030! 


8P+SMHO 17TH 
Jaq" { 


8P+PMHY® (714 
Jpaq) \ 


SPTEMHYO ' "44 
1040, 


8P+ZMY®O ' 11H 
qoga!' 


8P+LMHO | ‘Od 
103d | 


eP+OMUY® :01Y 
104d! 


104d 


1040 


704d 


1040 


704d 


1040 


704d 


1040 


103d 


9lippe 
TON, 


'+EMHO 


TON 


9LP+Od®@ '+2MYO 


TONI | 


TON 


ZMYt+LMY® 1+ LMY® 


TON 


TON 


ZMXt+0OMY® , tOMY® 


TON 


QLP+EMH® 'EMYO 


TON 


9LP+Z2MY®@ 'CMHO 


JONI; 


TON 


9LP+LMYH® ' LMY® 


TONI' 


TON 


91P+OMY® ,OMYO 


TONI' 


8P+OMY ® 0714 
JONI 


TON 


TON 


QLUPPeE® |'+EMYOO 
dTIvo. d1Wo 


91P+9d® © '+@MUO © 
dvvo, do 


ZMXt+LMY® '+1-MY® © 
® dT! d1Wo 


ZMYt0MY® 1 +OMY® © 
@ dTWVO' dTwWo 


9IPHEMH® EMH © 
® dTIVO: dTwvo 


QLP+ZMYO |ZMYO © 
© dTWO dTvo 


QEP+IMY® 'LMY® © 
@®dTWo, dtTivo 


9LPtOMY® 'OMYHO © 
© dTvo 


8P+ZMHO ©: ied ® 
Wo} dlvo 


QLIPpe@ 
addin 
ZMY+1MY® '+1MY® © 


ZMYtOMY® 1 +0MY ® © 


pt 


Q1P+ZMYO ,TMH OO 
® ddr 


SPtEMYO © ! 


BP+0MHO © :01HO 


pt 
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APPENDIX C F°MC-16LX Instruction Maps 


t Byte = 72 


Irs 


ion (3) (F 


7 ea-type Instruct 


Table C 


9 Lippe 
9LP+Od@ '+eMHO 


JMe+1MY® : +1MY® 
HOX 


8P+PVMH® ‘PH ‘V 
Vv 


8P+OMH © | 0H ‘V 
HOX: 


« 


“ 


'+8EMHO‘V 


Vv 


Vv 


'+EMY O'V 
XAOW 


9 Ldppe 
‘V XAOW: 
91P+Od® '+2MuO'V 


‘Y XAOW, — XAOW 


ZMY+1MH® '+1LMY OV 
‘Y XAOW} XAOW 


ZMY+0MY® | +OMY © ‘'V 
‘Y XAOW! XAOW 


91P+ZMY® , Z@MYO'V 
‘Y XAOW! = XAOW 
91P+1IMY® | LMHO‘V 
‘Y XAOW:  XAOW 
9LP+OMY® 'OMHO‘V 
‘Y XAOW, XAOW 


8P+ZMH® | ZH ‘V 
‘y XAOW! ~~ XAOW 


8P+9MY © 9H ‘V 
‘VY XAOW XAOW 


SP+PMH © 7H ‘V 
‘Y XAOW: ~— XAOW 


8P+EMH® | EH “V 
‘Y XAOIN: ~~ XAOW 
8P+ZMH® | ZH ‘V 
‘vy XAOW, —_XAOW 


SP+1LMY® ' LY ‘V 
‘VY XAOW! XAOW 


BP+OMH® 10H ‘V 
‘Y XAOW'  XAOW 


Vv ‘Qlppe |v ‘tEMH® 


V'LMUTLMHO ' VW +LMY® 
AOW, 


V'OLPTEMY® Vv ‘EMYO 
AOW 


' 
4 


AOW: 
V9LPHOMHO '¥ ‘OMH® 
AOW, 


V'8PtZMY® 'V ‘ZY 


V'SPHOMUO «V ‘OH 
AON! 


'+EMY O'V 
AOW 


9 Lippe 


9LPtOd® '+eMYO'V 


‘Vy AOW, AOW 


ZMY+LMH® '+LMY ©‘V 
‘Y AON; AOW 


ZMU+OMH® ' +OMY © ‘W 
‘Y AON! AOW 


QIP+EMH® .EMHO'V 
‘vy _AOW! AOW 
9LP+ZMH® .ZMYO'V 
‘Y AOW: AOW 
QIP+LMY® | LMYO‘V 
‘Y AON, AOW 


9LP+OMH® '‘OMYHO'V 
‘VY AOW, AOW 


8P+ZMY © ' 2H ‘V 


‘Vv AOW! AOW 


8P+9MY © 9H ‘V 
AOW 


AOW 


AOW 


8P+EMH® '€H ‘V 


‘Y AOW, AOW 


8P+2MY © '2H ‘V 


‘VY AON, AOW 


S8P+1LMY® '1Y ‘V 


‘VY AOW! AOW 


8P+OMHY® 10H ‘W 
‘YY AON! 


AEA RS EEA ES RE ee 


gluppe = | +£ MH 


9LP+Od® | +2MHO 


O3d, 93a 


ZMdt Md ® ' +LMe® 
04d, 94g 


JMY+OMH® | +OMY® 
93a! oad 


9LPtEMY®O EMYO 


9LP+OMY® ' OMY®O 
34d, o3d 


8P+ZMYO ' ZY 


oleh ogad 


8P+9MY © ' 9Y 


oad! oad 


BP+SMHO SH 


8P+EMHO | EY 
o3d: 


8P+CMY®O | cH 
oad, 


8P+LMYO' LY 
3a} 


8P+OMH® ' OH 
oaa' 


9LAppe 


8P+OMY © 


ON 


'+8MY ® 


'+EMHO 
OHOU 


9Lppe 
OYOH: 

9LPtOd® '+eMYO 
OYOH, OHO 


JMd+LMH® '+LMY © 
OHOH' OHOH 


JME+OMH® : +OMY® 
oHOH'!  OHOH 


9LP+ZMH® | 7MHO 
OHOH: OHOY 

9IP+LMH® | LMH® 
OHOH; OHOH 


9LP+OMY® ' OMY ® 
OYOH, OYHOU 


8P+ZMYO ' ZH 


OHOH' HOH 


BP+SMH® SH 


OSYOH' OHOHY 


8P+pMH® | 7H 


OSOYOU OYOU 


SP+OMY®O 0 


OHOH' OHOU 


'+EMYO 
O10” 


9LAppe 
O10”: 


- 


9LPtOd® '+2MYO 


O10u , 


ZMX+LMY® '+LMY® 
9104 | 


ME+OMH® OMY ® 
o10H' 


O10H' 


L 


O10H ' 


= 


QIP+LMY® | LMH® 
O10H: 10H 


91P+OMY® 'OMY® 
O10”, 9104 


8P+ZMH® ' ZY 
O104} 


8P+OMH © 10H 
O08! 
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APPENDIX 


irst aides = 734) 


F 


ie 


8 ea-type Instruction i, 


Table C 


9Lippe '+EMHO 'V 
‘VY MHOX, MHOX 


91P+Od® '+2MHO'V 
‘Y MHOX' = MHOX 


ZMd+LMY® + LM 'V 
MHOX 


ZMY+OMY® : +OMY®O ‘V 
Vv MHOX MHOX 


QLPTEMH® |EMHO'V 
‘V MHOX MHOX 


QLP+ZMY® |CMYO'V 
‘Y MHOX: = MHOX 


9LP+LMY® 'LMYO'V 
‘Y MHOX, | MHOX 


9LP+OMY® ‘OMY O‘V 
‘Y MHOX' ~=MHOX 


BP+ZMH® 1ZMd ‘VY 
‘y_ MHOX! — MHOX 


8P+9MH® | OME “V 
Vv MHOX: MHOX 


8P+SMH® (SMH ‘V 
Vv MHOX: MHOX 


8P+7MH® 'PMd ‘V 
Vv MHOX. MHOX 


8P+EMYO ‘ome Vv 
‘Y. MHOX, | MHOX 


8P+ZMY® ‘2M ‘V 
‘VY MHOX' — MHOX 


BP+LMH® « LMY ‘VW 
‘Y_MHOX' — MHOX 


8P+OMH® |OMH ‘V 
‘Y MHOX! | MHOX 


QL# ‘QLppe ‘OL# ‘+EMYO 
MAOW. MAOW 


O1# ‘9LPtOd® 'OL# ‘+2MYO 
MAONW , MAOW 


OL#ZMYtLMY® 'OL# ‘+ LMY® 
MAOW 


O14 ZME+OMY® 9L# ‘+OMYO 
MAOW 


QL 9LP+EMH® . O1# ‘EMHO 
MON: _ MAOW 


QL#'9LD+ZMH® | OL# ‘TMH 
MAOW MAOW 


O1#'O1P+LMU® | OL# ‘LMU ® 
MAONW, MAOW 


91#'91P+0MYO Ol# ‘OMY ® 
MAONW , MAOW 


O1#'8P+ZMY® 'O1# ‘ZMAY 
MAOW' MAOW 


Q1#'8P+SMU® .OL# ‘SMU 
MAOW:! —_ MAOW 


91#'@ptemd® OL ‘eMy 
MAOW, —_ MAOW 


QL#'SPHOMH® 1 9L# ‘OMY 
MAOW' — MAOW 


Vv ‘guppe ‘Vv ‘temMy® 
MAO MAOW 


V ‘91P+Od@' VW ‘+eMY® 
MAOW, MAOW 


V'LMUtLMHO |W ‘+LMY® 
MAOW;  =MAOW 


V'ZME+0MYO | Vv “+OMY © 
MAOW 


V9LPHLMY® | V ‘LMY® 
MAOW: MAOW 


V'9IPHOMH® ' V'OMH® 
MAOW, | MAOW 


V'8Pt+ZMYO' V “LMU 
MAOW 


V'SP+PMH® | V ‘PMY 
MAOW: _ MAOW 


V'8PtEMYO ' VW ‘EM 
MAOW: ~=MAOW 


V'8P+ZMYO ‘WV ‘Md 
MAOW,  MAOW 


V'BPHOMH® : ‘OMY 
MACON! — MAOW 


glippe 
91PtOd®' +2MuO'V 
Vv MAO, MAOW 


/Md+1MH® '+LMY ©‘ 
‘Y MAON; =MAOW 


ZMY+0MY® ' tOMY © ‘V 
‘VY MAON' = MAOW 


QIP+ZMY® | ZMHO‘W 
V MAOW! MAOW 


QIP+LMYO! IMHO 'V 
V MAOW MAOW 


9LP+OMHO ' OMY O'V 
V MAOW, MAOW 


eP+ZMH®' ZMH ‘Y 
‘VY MAOW! = MAOW 


8P+9MY® | 9MH ‘W 
‘Y MAOW' — MAOW 


eP+SMY ©. SMU ‘V 
V MAOW: MAOW 


8P+EMY o: 
Vv MAO \ 


8P+cMY © ! 
‘VY MAOW, 


8P+LMH®' 
‘Y MAOIW! 


8P+OMY® OME ‘V 
‘Y MAOW' MAO 


9glippe /tEMY © 
MOAG: MOAG 


9LPtOd® '+eMYO 
MO3d, MOAGd 


JMd+ MYO '+LMH ® 
moaa' =Moaa 


JMH+OMH® | +OMY © 
MO3G' MOG 


QLP+EMY® EMO 
MOAq' MOAd 


91P+ZMHO | @MYO 
mo3d MOAG 


OLPtLMY® | IMHO 
MOAd,. MOAG 


9LP+OMY® ' OMY ® 
MOAd, MOAG 


8P+ZMH® ‘ZMH 
moad' Moad 


SP+SMY® .SMY 
Moad: O30 


8P+P>MHY®© | PMY 
MOC: MOAG 


8P+EMYHO ‘ome 
MO3AC, MOAG 


8P+ZMUYO '7MY 
MO3d' MozG 


8P+OMY® OMY 
Moaq' Mo3d 


9lAppe 'tEMY® 
MONI, — MONI 


91P+Od® © '+2MYO 
MONI’ = MONI 


ZMYt+LMY® 1 +L MY © 
® MONI" MONI 


ZMYtOMY® , OMY © 
® MONI: MONI 


QIPtEMY® 'EMYO 
® MONI, MONI 


QLP+ZMH® 'ZMH® 
® MONI’ MONI 


QIPHLMH® : LMH® 
® MONI' MONI 


9LP+OMY © OMY ® 
© MONI! MONI 


8P+ZMHY® | ZMY 
MONI: MONI 


8P+9MY® '9Muy 
MONI, — MONI 


8P+SMH® ‘SMU 
MONI — MONI 


SP+PMY® . PM 
MONI" _ MONI 


SP+EMYO EMH 
MONI: MONI 


8P+cMYO ‘Ze 
MONI, — MONI 


8P+LMY® 'LMY 
MONI! — MONI 


8P+OMY® OMY 
MONI! — MONI 


'+EMYUO © 
TIvo 


gLuppe® 
91P+0d® © '+ZMHO © 
TWO, = TIvo 


LMU+1MH® '+LMY® © 
® TIVO; To 


ZMYtOMY® '+OMYO © 
® TV} TIVO 


QLPHEMH® 1EMHO © 
eto Tvo 


91P+ZMY® ,ZMHO © 
© TWO! 4 TIVO 


QIP+LMY® | LMY® © 
® TIVO: TWO 


QLP+OMH © ‘oMY® ® 
evo, To 


SP+EMH 00! ‘ome 
vO: \ 


LMU*1MY® '+1MY® © 


ZMYtOMY® '+OMY © © 


QIPtEMH® ‘EMHO © 
® drt 
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APPENDIX C _F°MC-16LX Instruction Maps 


t Byte = 74u) 


Irs 


ion (5) (F 


9 ea-type Instruct 


Table C 


4 ‘2MY+LM 4 
Y® ZNAG! 


4 ‘SP+OMH 4 
® ZNaG' 


‘ 


+cMYO 


ZNdqd 


gluppe ‘y |+EMHO'V 


ZMYt+1MY® '+LMY ©‘ 


9LP+ZMY® |ZMYO‘'V 
‘y -HOX 


YOX: 
9LP+OMY® 'OMYO'V 
‘VY YOX, 


8P+2MY © '2H ‘V 
Vv 1 


8P+OMHY® 10H ‘W 
YOX'! 


gluppe ‘y | +€MYHO'V 


YO 
9LP+Od © '+2@MYO'V 


Vv YO, YO 


ZMY+LMY® '+LMHO'V 
V yO} yO 


JME+OMH® ++0MH OY 
‘Y HO! yO 


IPtEMY® .EMYO'V 
yO 


9LP+2MY® ZMH O‘V 
yO yO 


9LP+LMY® | LMYHO'V 
yO: yO 
9LP+OMY® ‘OMY O'V 

Vv YO, YO 


8P+ZMH® '2H ‘V 
Vv yO! YO 


8P+9MHY © '9H ‘V 
YO 
yO 


SP+PMH® \7H ‘V 
yO yO 


8P+EMY® ‘Eu ‘V 
v HO. HO 


8P+CMHY © ' cu V 
Vv YO, yO 


8P+LMY® ‘Lu ‘v 
v yO! 


8P+OMH® 10H ‘V 
YO! 


guuppe ‘vy | +€MHO'V 
anv: 

* 
91LPt+Od® '+2MYO'V 


‘vo aN, anv 


ZMY+1MH® '+LMYO ‘VW 
‘VY NV, anv 


ZMYtOMY® ' +OMY OV 
‘YN! aNvV 


QIPHEMY® -EMYO‘V 
V 


9LP+ZMY® .~MYO‘'V 
‘Yo NV: 

QIP+LMH® 'LMYO‘V 
Yo NV: anv 


9LP+OMH® 'OMYO'V 
‘Vv NV, aNv 


SPt+ZMY® ' Zu ‘V 


‘VY NV; anv 


8P+9MHY® 9H ‘V 
Vv 


8P+SMH® .SH ‘V 
Y 


SP+PMH® | 7H ‘V 
Vv 


8P+EMH® | EH ‘V 
‘yo GNV, 


8P+ZMHY® '2H ‘V 


‘VY NV, CNV 


BP+LMY® | Le ‘W 

‘Y CNV! aNv 

8P+OMH® 10H ‘W 
aNv'! 


gluppe ‘vy '+eMyO'V 


9LP+Od® '+ZMYO'V 
dWO, 


JMY+1MH® ‘+L MH OV 
dno! 


ZMY+0MY® | +OMY © ‘'V 
dO! 


L 


dWO' 


F 


9LP+LMY® | IMYO'V 
‘Vv dO, 


9LP+OMY ® 'OMY O'V 


8P+EMY® ‘EH “V 


Vv 


8P+OMH ® 10H ‘V 
‘y dO! 


gluppe ‘vy '+eMYO‘V 

odqdv: oqaqv 
9LPt+Od © '+2MYO'V 
‘Vv odav, oaav 


ZMUt MY ® '+ LM ® ‘VW 
‘Y odav! oqqv 


JME+OMH® + +OMHO ‘V 
‘Y aay: odav 


QLP+ZMH® 'CMHO'‘V 
‘vy odav oaav 


QLP+LMY® ' LMH®‘'V 
‘Vv oda, oqqv 


9LP+OMY® '‘OMYO ‘V 
‘vv odav' odav 


8P+ZMY® ZY ‘V 
odav 


8P+SMU® (SH ‘VW 
‘y odav oaay 


8P+yVMH® 'rH ‘V 
‘Vv odav. odav 


SPTEMU® (EY Vv 
‘VY odav, oqqv 


8P+ZMHY © ' 2H 'V 
‘vy odav' oaav 


SP+LMY® + LY “W 
oaav 


8P+OMH © | 0H ‘V 
‘y odav: oaav 


QLppe ‘vy | +EMYO'V 
ans. ans 


91P+Od® '+2MYO'V 
‘Vans, ans 


ZMut Md ® '+LMY@'V 
‘vy ans! ans 


JME+OMH®  +0MHO ‘V 


‘Y ans 


9IP+LMY® | IMHO 'V 
‘Vans, ans 


QLPTOMY® | OMYO'V 
‘Yans, ans 


BP+ZMH® «ZH ‘W 
‘yans! ans 
8P+9MY® .9H “W 

y 


SP+GMH® | SH ‘V 
Vv 


8P+pMHO | 7H ‘V 
‘VYooans: 


SP+EMHYO 'CH ‘V 


‘vans, ans 


8P+ZMHY® ‘2H ‘V 


‘vy ans! ans 


8P+LMYO Ly ‘V 
V 


SP+OMYO 10H ‘V 
‘vans: 


ZMUt+ LM '+ LM © 'V 


QLP+ZMH® .c<MY OV 
‘Yadav 


9LPtOMY® ‘OMY O'V 
‘Vv aay, 


SP+ZMH® '2H ‘V 
dav} 


SP+PMH® 17H ‘V 
aav: 


8P+EMHO ‘EH ‘V 
day. 


8P+cMY® 'cu V 
qav, 


BP+OMH © 10H “V 
‘Yadav! 
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APPENDIX 


= 75x) 


Table C-10 ea-type Instruction (6) (First Byte 


9 Ldppe \tEMYO 


LON 


9LP+tOd®@ '+2MYHO 
LON 


ZMXt+1LMYO '+LMY® 


ZMXt+OMYO 1 tOMYO 


9LP+EMHO .EMYO 
___ LON: 
QLP+ZMH® /ZMHO 
LON: 


9LP+LMY® ' IMHO 
LON, 


SP+OMH® +0 
LON! 


Vv ‘gLuppe'! y ‘+EMY® 


V'ZMUtLMd® ' V7 ‘+LMH® 


V'LMYt0MY® + ¥ ‘+OMY® 


V ‘@PtOMY® + v ‘OU 
HOX'! 


V ‘QLppe 'y “+emd® 


V'LME+LMY® + ‘+LMY® 


V'LMU+OMY® VW ‘t+OMYO 


¥ ‘SP+eMd © iv ‘ed 
yO, 


V ‘8P+0MY® .V ‘OY 
uO: 


V ‘Qlppe 'y ‘temo 
Nv 


V'9lPtOd® 'W ‘+7MHO 
Nv 


VZMU+LMY® 'Y ‘+LMY® 


VZMEHOMY® 1 ‘“+OMY® 
V'OLP+LMY® 'V ‘LMY® 
NV, 


V ‘SPtZMY® VW ‘ZY 
anv! aNv 


V'8P+ZMH® 'W ‘CH 
anv} anv 


V ‘SPHOMY® .W ‘OU 
ONY! NV 


glippe = | +EMHO© 


9LP+Od © '+2MYO 
‘VY DAN, 


LMU* Md ® '+ LM © 
‘VY DAN, 


JME+OMH® +OME ® 
‘y_D3N' 


91P+LMY® ' LMH® 
‘Y DAN, 

9LP+OMH® ‘OMY O 
‘Y DAN, 


8P+CMY® | cu 
‘VY DOAN, 


8P+OMH® 04 


‘WY DAN! SAN 


9lAppe +€MeO V 
‘Vv oans, oagns 


9LP+Od® '+ZMHO'V 
‘vy ogns! ogns 


LMH+1MY® 1 +1MY@‘V 
‘vy ogns! _ Oans 
LMHX+OMY® ;+OMYO ‘V 
‘YY oans: oans 
9IP+EMH® ‘EMH ‘V 
‘y oans, oans 


91P+ZMH® 'ZMH® ‘VW 
‘y ogns' oans 


QID+LMH® | LMH® ‘V 
‘vy ogns' _ogns 
9LP+OMY® .OMY®O ‘V 
‘y ogns: ons 
8P+ZMH® 124 ‘V 

‘y ogns: oans 


8PTOMUY® '9Y Vv 
‘VY oans,  Oans 


8P+SMH® 'SH ‘V 
‘vy ogns'! oans 
eh+PMY® iv “V 
‘y oans' oans 
8PtEMH® (EH ‘V 
‘y ogns: ons 


8P+ZMH® '2H 'V 
‘y oans, oans 


8P+LMH® | LY “Y 
‘y ogns! _oans 


8P+OMY ® 0H ‘W 
‘y ogns' 9oans 


V ‘QLippe ‘vy ‘+eMy® 


VLMYTIMY® 'Y “+LMY® 


01V ‘+OMYO 


¥ ‘SPtZMY® VW ‘ZY 
ans! 


V ‘SPtPMHO | 


V ‘SPtEMY® 'V ‘CY 
an 
V'8P+ZMHO 'W ‘ZH 
ans} 


VZMu+LM\ 


V ‘SPtPMH® , 


@' 


@: 


+LMYO 


Vv ‘tOMYO 


V'8P+2@MyO ‘Vv ‘ed 


ce] 


id 


vi 
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APPENDIX C _F*MC-16LX Instruction Maps 


(First Byte = 76,,) 


11 ea-type Instruction (7) 


Table C 


J‘Q|suppe (1 ‘+EMYO 
zNaMd: 1 ZN&Ma 


191PtOd® 4 ‘+2MYUO 


ZNaMd, ZNaMd 


TJMY+LMY® '4 ‘+LMY® 
zNama' ZN@Ma 


LMWd+0MY® +4 ‘+OMY © 
zNamd; _ZNaMd 


F9LP+EMHO 4 ‘EMH O 
ZNaMd ! ZN€Ma 


19LP+2MH® |4 ‘CMUO 
ZNEMd! ZN€Ma 


VQLP+LMY® |4 “LM ® 
ZNEMC 


ZN&Ma 


1'91P+0MYO 2 ‘OMY ® 
ZNEMd, ZNEMa 


J'8P+ZMY® 14 ‘ZMY 
ZNamMd' ZNaMd 


J8P+OMH® v1 ‘OMY 
ZNEMd' ZNaMa 


V8P+SMH® \4 ‘SMH 
ZN@MG ' ZN@MG 


'8p+~MY © ‘4 “yMd 
ZNEMAO : . ZNaMa 


JepteMy © r “eM 
ZNaMd, ZN&Ma 


4 9P+ZMY® 4 ‘ZMH 
ZNamd' ZN&Ma 


p+ LMU ® f “LM 
ZNaMd'! ZNEaMd 


“9P+OMY® 4 ‘OMY 
ZNEMG' ZNEMd 


'+EMY O'V 
MHYOX 


9} Jppe 
V MHOX 


9LP+Od® '+eMYO'V 


‘y MYOX, MYOX 


ZMY+LMY® '+LMH ©‘V 
‘Y MYOX; MHYOX 


ZMY+0MY® '+OMY ©‘ 
‘Y MYOX' ~MHYOX 


QIPTEMHO : eMel OV 
‘Vv MdOx' | MYOX 


91P+2MH® ,ZMHO'V 
Vv MUOX' M¥yOX 


QLP+LMY® | MY O'V 
Vv MUOX: MXOX 


9LP+OMH® 'OMHO'V 
‘Y MHOX, MHOX 


eP+ZMH® ‘ZMH W 
‘Y MYOX! ~MYOX 


8P+9MY © 9M ‘V 
‘YV MdOX' — MHOX 


eP+SMY © .SMU ‘V 
V MHOX' MuOX 


SP+~MH® | VMH ‘V 
Vv MEOX: MuOX 


SPtEMY © 'EMH ‘V 
Vv MEOX: MuOX 


8P+cMY © ‘zm V 
‘Y MYOX, — MYOX|]' 


8P+1LMY® ' LM ‘V 
‘“Y MYOX'  MxYOX 


8P+OMY © 10MH ‘V 
“Y MHOX! —MYOX 


9/4 Jppe '+EMY O'V 
idles \ 


9LPtOd® ‘Ze OV 
MuyO, 


ZMut+ LM ® '+ LM © 'V 


p+ IMY® | ‘ELM “WV 
MdyO! 


8P+OMY ® , OMY ‘V 
Vv MuO! MYO 


9} Jppe ‘+EMYO'V 
‘VY MQNV, MANV 


9LP+Od® '+2MYO'V 
‘VY MANV, MQNV 


ZMut Md ® '+LMe © 'V 
MANV 


JMEHOMH® -+OMY © ‘W 
‘y MGNY! —-MONV 


QIP+EMY® EMH OV 
Vv MANY: MANV 


9LP+ZMYO '7MYO'V 
Vv MANY | MQANV 


ILP+LMU® | LMYO'V 
‘Y MANY, MANV 


91P+OMY® ‘OMY OV 
‘y MGNV! = MONY 


8P+ZMY © 'ZMu ‘V 
‘v. MGNV! MANV 


gP+9MY © .9MY ‘W 
Vv MANV' MQANV 


8P+GMH ® ,SMH ‘V 
V MANY: MANV 


8P+7 MY © 'VMd ‘V 
Vv MANY: MQANV 


8P+EMY © ‘ome V 
‘VY MQNV, MANV 


8P+ZMY © '2MH ‘VW 
‘VY MANV! MQANV 


8P+LMH® |My ‘V 
‘vy MGNV'! —_MGNV 


8P+O0MH ® .OMH ‘VW 
‘VY MANY! MQNV 


'+EMY O'V 
MdW9 


9} Jppe 
V MdINO, 


9LP+tOd ® ! +eMYO'V 
‘VY MdWO, Md 


ZMUt MY ® '+ LM © 'V 
‘Y MdWD} =MdWO 


JME+0MH® | +OMY © 'V 
Y Md" MdINO 


QLP+EMH® , EMH OV 
‘Vv MdIN9' MdW9 


QLP+ZMH® | CMH O'V 
‘Vv MIO MdW9 


9LP+LMY® ' IMYO'V 
‘Y MdWO, =MdWO 


9LP+OMY® | OMY OV 
‘Y MdWO, = MdWO 


8P+ZMY © | 2M ‘“V 
‘VY MdWO' = MdNO 


BP+9MH® OMe ‘V 
‘y_MdINO' _ MdWNO 


8P+SMH© | SMH ‘V 
V MdIN9 MdW9 


8P+P~MHY © | PMY ‘V 
Vv MdWNO: MdW9 


8P+EMY © 'EMH ‘V 
V MAW, MdW9 


8P+ZMHO ' ‘ZMH WV 
‘Y MdWO! = =MdWNO 


8P+1LMY®: LM ‘V 
‘VY MdWO' | Md 


8P+0MY® .OMH ‘V 
‘Y MdINO' — MdINO 


‘+EMY OV 
mMoaay 


9} Appe 
Vv moqay: 


9LPtOd ® ‘+2MU@'V 


‘ymodav. modav 


LMYtIMH® '+LMY © ‘V 
‘ymModay! =Mmoaday 


ZMY+0MY® : +OMY © ‘'V 
‘yModdv; =MOodav 


QLPHEMY® . EMYO‘V 
‘Vv moadv: Moaav 


91P+ZMH® , CMY O'V 
‘Vv Moda: Modav 


OEPt+ILMY® ' IMYHO‘V 
‘Vv moda Moaav 


QLP+OMY® ! OMY © 'V 
‘ymoday, Modayv 


8P+ZMY © ' 2M “V 
‘vy mModav'! mModayv 


8P+9MH © OMY ‘VW 
‘yoda! moday 


8P+SMH® , SMH ‘WV 
‘v MOGQY: Moaav 


8P+PMY ©! PMH ‘V 
‘v Moda: MoOdav 


eptemy@ ‘ed V 
‘ymModav, MOodaVv 


@P+ZMH © | ZMH ‘W 
‘ymodayv! moday 


p+ IMHO: LMd ‘V 
Vv mMoaadv' mMoadayv 


8P+OMH® , OMH ‘W 
‘vy Modadv: Modayv 


9} sppe'+eMy OV 
Vv mans. Mans 


91P+Od® '+7MYO'V 
‘vy mans, Mans 


ZMut Md ® ' +MY © 'V 
‘y mans! Mans 


JME+OMH®  +OMH © ‘V 
‘y mans! mans 


9LP+EMH® EMH O‘V 
V mans Mans 


9LP+ZMHO CMH O'V 
V Mens: Mans 


9LP+LMY® | LMYO'V 
V mens: Mans 


9LP+tOMY © ‘omy o* Vv 
‘vy mans, Mans 


8P+ZMY © 'ZMu “V 
‘vy Mans! Mans 


8P+9MH © OMY ‘V 
‘y mans! Mans 


8P+SMHY® ,SMH ‘VW 
Vv mans: Mans 


8P+PMY © | PMH ‘V 
‘V Mans: Mans 


8P+EMY © ‘emd V 
Vv Mans 


eP+ZMH® ‘ZMH ‘V 
‘y mans! mans 


8P+LMY® : LM ‘V 
Vv Mans! _ Mans 


8P+OMY® .OMH ‘W 
‘vy mans: Mans 


QLuppe =! +EMHO'V 
Y madv: _ Mady 


9LP+Od® '4ZMUO'V 


‘y maqv, maav 


ZMY+LMH® '+LMYO‘V 
‘vy maqv; maav 


ZMY+OMY® '+OMYO‘V 
‘vy Madv' = maav 


OLPTEMYO » eM OV 
V Maqv' — Maav 


91P+ZMY® .ZMYO'V 
V madv Maqav 


QLP+LMY® | LMYO'V 
‘v maqdv. Maav 


9LP+OMY® 'OMYO'V 
‘Y maqv, Madv 


eP+ZMH® ‘ZMH ‘W 
‘y maav' = maav 


8P+9MY © 19M ‘V 
‘vy maqgv' = maav 


@P+SMY © «SMH ‘V 
V madv! Maav 


SP+PMH® .yMH ‘V 
Vv Maddy: Maav 


SPtEMHY © 'EMHY ‘V 
V maqy: Maav 


8P+cMY © ‘zMd V 
‘vy mMadv, Maav 


8P+LMY® 'LMd ‘V 
‘vy maqdvi = Mmaav 


BP+OMY © 10M ‘V 
‘y maddy!  maav 
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APPENDIX 


= 77y) 


Table C-12 ea-type Instruction (8) (First Byte 


9glippe '+EMYO 
MLON, 


9LP+Od® '+ZMY® 
MLON: 


ZMXt+LMYO '+LMY ® 
MLON 


ZMXt0MYO : tOMY © 
MLON 


SP+SMY® ,SMY 
MLON: 

SP+pMY® ‘PMY 
MLON 


8P+ZMH® 'ZMH 
MLON! 


8P+OMHO OMY 
MLON' MLON 


V ‘gLippe 'y “+emy® 
MuOX: M¥yOX 


V'9LP+Od® 'V ‘+ZMHO 
MHOX , MuOX 


V ‘QLippe 'y “+emyO 
MuO, MYO 


V'91P+tOd® 'V ‘+2MHO 
MHO | MYO 


V'LMUTLMH® 'Y ‘+LMY® |V'ZMYtLMH® 'Y ‘+LMHO 


MYOX' — MYOX 


MYO’ —— MHO 


V'LME+OMH® 1 ‘tOMY® |V'ZMYtOMH® VY “+OMYO 


MuOX 


VOLPHEMYO .V ‘EMU® 
MYOX 


V'9LPHZMHO |W ‘ZMHO 


MdOX: —MYOX 


MYO 


V'9LPHEMHO .W ‘EMH® 

MYO! = MYO 

V'9IP+ZMHO ‘Vv ‘ZMHO 
MdO MxO 


MdO, MYO 


V'OLPTOMH® 'V ‘OMY® |V‘9IP+OMYO 'V ‘OMY®O 


MYOX! =MYOX 


V ‘SPLLMH® |W ‘ZMH 
MYOX' — MHOX 


V ‘SPHOMH® | ‘OMY 
MHYOX 


V ‘@P+SMH® .V ‘SMU 
MHYOX' MYOX 


V ‘SP+yMH® |W ‘bMY 
MYOX: MYOX 

V ‘ePHeMu® 'V ‘EMMY 
MYOX, | MYOX 


V'SP+ZMY® 'V ‘7M 
MYOX' = MYOX 


V ‘SPHLMHO 'V ‘LM 

MHOX' _ MHOX 

V ‘SPHOMY® :W ‘OMY 
MYOX' — MHOX 


MYO' = MHO 


¥ ‘P+ZMY® 1 ‘ZY 
MYO 


V ‘SP+9MHO .W ‘OMY 
MYO 


¥ ‘8P+SMHO |W ‘SMU 
MHO « MYO 

V ‘SP+PMH® 'V ‘PMY 
MUO. MuYO 


¥ ‘@Pt+eMY® ‘Vv ‘eM 


MdO , MYO 


V'8P+ZMHO *V ‘ZMH 
MYO’ = MxO 


V ‘O+LMHO iW ‘LMWH 
MYO 


V ‘SP+OMU® WV ‘OMY 
MdO' MYO 


V ‘glLippe ‘vy ‘“+EMyd® 
MQNV: MQNV 


V'9LP+Od® |v ‘+2MYHO 
MQNV, MANV 


VLMUtIMH® 'Y ‘+LMH® 
MCGNY' =MaNV 


V'LME+OMH® 1 ‘tOMYH® 
MQNV 


V'9IP+ZMHO |W ‘ZMYUO 
NY! MGNV 
VOIPHLMY® 'V ‘LMH® 
MCNY; =MCNV 


V'9LP+OMYO 'V ‘OMY ® 
MGNY, MQNV 


V ‘SP+ZMYO |W ‘ZMH 
MaNV' =MANV 


¥ 'SP+9MHO Vv ‘OM 
ma MANY 


V ‘8PtyMH® |v ‘pM 
MCNY: =MQNV 

V ‘SP+EMY® | Vv ‘EMH 
MCNV, MQNV 


V'ep+e7muO iv ‘eMd 
MCQNV, MONV 


V ‘SPt+LMY® |W “LMU 
Md MQNV 


V ‘SPHOMY® s ¥ ‘OMY 
MCNY' — MCNV 


glippe = '+£€MHO 
MOSN: MODSN 


9LP+Od@ '+2MYO 
MOAN, MOAN 


LMUt+IMH® '+LMY® 
MOAN! MOAN 


ZMXt+0MYO | tOMY © 
MODAN 


91P+ZMHO , ZMHO 
MOAN: MOAN 


r 


QLP+LMY® | IMY® 
MOAN. MOAN 


91P+OMY® ' OMY © 
MOAN, MOAN 


@P+ZMYO | ZMH 
MOAN! MOAN 


BP+9MY® OMY 
MOAN 


8P+P~MY®O | PMY 
MOAN: MOAN 


8P+EMYO | EMY 
MOAN, | MOAN 


8P+CMH® 'cMHY 
MOAN, MOAN 


8P+LMY® '}Mu 
MOAN 


8P+OMY® OMY 
MOAN' MODAN 


QLippe '+EMY © 'V 
‘Vy MONS, MONS 


91P+Od ® '+2MYHO'V 
‘Y MONS! MONS 


ZMX+1MYd® 1 +1LMY @'V 
MOENs 


ZMd+0MYO , +OMY O'V 
‘WMOENS: MONS 
QIPTEMY © 'EMHO ‘V 

‘yMOgNS, MONS 


9LP+ZMY® 'CMHO ‘V 
‘ymogns' MOENS 


9IPHOMYO, 
“y MOgNS: 

BP+ZMH®© 'ZMH ‘V 

‘ymoagns, Mons 


SP+9MHO ! 
‘y MOgnNs!} 


8P+SMY © 'SMH V 
‘YV MOENS' MOENS 


SP+yMY © PMH ‘VW 
‘ymogns: moans 


SP+EMH © | EMH ‘V 
‘y MONS: MONS 


8P+cMUY® 'cMd Vv 
‘Y MOENS, MONS 


8P+LMY® | LM ‘V 
‘VY MOENS' MOENsS 


8P+OMH ® .OMH ‘W 
‘ymMogns' moans 


Vv ‘gLppe iy ‘+EMHO 
Mans: Mans 


V'91P+Od® 'V ‘+2MHO 
Mans Mans 


V'LMUtTIMH® 'Y ‘+LMY® 
Man Mans 


V'LME+OMH® 1 “+OMY® 
s! Mans 


8.V ‘EMHO 
S' Mans 


VOLP+LMH® | ‘LMY® 
S: Mans 


V'QLPHOMY® 'V “OMY © 
S, Mans 


V ‘SP+SMUO |W ‘SMH 
s' mans 


V ‘Lippe 'y “+emy 
maaqv: Md 


V'OLP+Od® '¥ “+2Mu 
Maddy , Md 


V'ZMU+IMY® VY “+LMY 
mad Ma 


V'LME+OMY® + W ‘+OMY 


Md 


Mad 


VOLPHLMH® 'V ‘LMY® 
maddy : 


Mad 


¥ ‘SP+EMu 
Md 
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APPENDIX C F°MC-16LX Instruction Maps 


(First Byte = 78,,) 


) 


ion (9 


type Instruct 


Table C-13 ea- 


9Lippe ' +EMYO 'V 
‘Vv MAIC, MAI 


9LPtOd@' +2MuO'V 
‘Yo MAIC, MAIC 


ZMd+ LM ® '+-Med@‘V 
VY MAIC! MAIC 


ZMYtOMY® : OMY ‘V 
Vv MAIC! 


QLP+EMY® , EMO ‘V 
V MAIC! MAIC 


9LP+ZMHO | ZMHO‘V 
V NMI: MAIC 


QLPtLMY®' IMU O'V 
‘Vo MAIC, MAIG 


9LP+OMY® ' OMY® ‘V 
‘Y MAIC! a 
SP+ZMY® ZMH ‘VW 
‘vo MAI’ MAIC 


8P+9MH © 9M ‘V 
‘vy MAIC! MA 


8P+SMHY® | SMH ‘VW 
Vv MAIC! 


8P+PMY © | PMH ‘V 
V MAI: MAIC 


SPtEMY © ' EMH ‘V 
V MAIO: MAIC 


eP+ZMY © 2M ‘V 
‘VY MAIC! MAIC 


SP+LMYO: LM ‘V 
‘V MAIC) MAIG 


8P+OMY ® OMY ‘V 
‘VY MAIC! MAIC 


9LAppe 


ZMY+ Md ® ‘+MY OV 


ZMXtOMY © 1 +OMYO'V 
Aid) 


SP+OMY® 10H ‘V 
Ad: 


'+EMYO'W | 9Lppe 


‘Yo MNAIC, 


‘vy MNAIC! 


'+8MYO'V 
VY MOAIG: __MnAlG 


9LP+Od @ | +2MYO'V 
MNAIG 


ZMU+1MH® '+LMYO'V 
‘YY MNAIG, =MNAIC 


ZMY+0MY® | +OMY OV 
‘Y MNAIG) = MNAIC 


QIP+EMHO .EMYO‘'V 
‘y_MnAid: Maid 


QIP+ZMU® , ZMHO'W 
V MNAIG: MNAIG 


9IP+LMY® | MY O‘V 
V MAAIQ: MNAIG 


9LPtOMY © ‘OMHO' Vv 
‘Y MNAIG, MNAIG 


8P+ZMHY® ' ZMH ‘V 
MNAIG 


BP+9MH® | 9MH ‘W 
‘vy MnAIa' MNAIG 


@P+SMH® . SMH ‘V 
Vv MAIC! MNAIG 


SP+PMH® | vMH ‘V 
V MNAIC: MNAIG 


SPtEMY © ' EMH ‘V 
Vv MnAIG, MNAIG 


SP+LMH® ' 
‘y MNAIC! 


8P+OMH® OME ‘V 
‘Y MOAI’ Mnaid 


9lAppe  tEMYO 'V 
NAG. NAIG 


9LPtOd © ! +7MYUO'V 
NAld, NAld 


JMY+1MH® ' +L MH® “Y 
‘Yl! nid 


ZMYtOMY ® | OMY ‘V 
NAIG' NAld 


QLP+EMY® , EMH O‘V 
NAIa: NAld 


QLP+LMY®' LMU O'V 
nia. NAG 


QLP*OMY® ' OMY O'V 
NAld, NAId 


8P+ZMHO ZY ‘Y 
paid’ naia 


8P+OMH © 9H ‘W 
Avia: NAG 


8P+SMY® , SH ‘V 
naa: NAId 


8P+PMY © | 7H ‘V 
Nala: NAIG 


8P+EMY® | EH ‘V 
NAIC, NAIG 


8P+LMY® 
NAIC! 


SP+OMY ® : OF “W 
‘WY NAG: NAId 


glippe / tEMYO ‘'V 
Vv Mn MINW 


9LPtOd © ! +2MuO'V 
‘Vv MINN, MINW 


JMdt I MH® ' +L MY®‘Y 
‘YMINW! == MIN 


JME+OMH®  +OMH® ‘VY 
YAMIN! MINN 


9LP+EMY® EMH O‘V 
V MINN: MINN 


91P+ZMY® | CMY OV 
V MIN: MINW 


QLPtLMY®' LMU O'V 
V mn, MINN 


QLPTOMY® ! OMY © 'V 
‘VY MINN, MINN 


8P+ZMY © 'ZMd ‘VW 
‘Vv MINW') = MINN 


8P+9MH © 9M ‘V 
‘y MINI! MIN 


8P+SMHY® , SMH ‘WV 
Vv MINN: MINW 


SP+PMY © | PMH ‘V 
V NIN: MINW 


SPtEMY © ' EMH ‘V 
Vv MIN, MINW 


8P+LMY® 
‘Vv MINN) 


eP+OMY® , OMY ‘V 
‘VY oMINN' = MINN 


'+8MHO'V 


9LAppe 


ZMd+ LM ® 1+ LM ‘V 
TN TN 


ZMU+OMY® , +OMYO ‘V 
TAY ' 


9IP+LMY®: LMY® ‘VW 
TOW TNW 


8P+OMY® 10H ‘v 
‘yy oINW' IAW 


‘Vy MMNN, 


Q Lappe '+eMy O'V 
‘MMINW. =MNINN 


9LP+Od® ‘4ZMdO Vv 
ZMY+1MY® '+ LM ‘'V 
‘VMOINW'! ~=MmMNW 


ZMU+0MH® '+OMHO'W 
Vv MMINN! '  MMINW 


QIPHEMH® ,EMYO‘W 
‘V MOI: MMINN 


9IP+ZMH® |PMHO'V 
‘VY MATIN MMINW 


QLP+LMY® | LMYO'V 
‘VY MMINW, =MNINW 


9IPtOMY® 'OMYHO'V 
‘YMMINW, MATINW 


8P+ZMH® ‘ZMH ‘V 


VV MMINW! MAMINW ‘ 


8P+IMH® 19M ‘V 
‘Y MIN NIN 


8P+SMH® SMH ‘V 
‘v MAIN! MMINW | ‘ 


8P+PMH®O (PMH ‘V 
‘VY MMIN MOINW 


8PtEMHO ‘ome Vv 
VMMAW, MATIN‘ 


8P+ZMHO ' ‘ZMH Vv 


VY MMNW! MON‘ 


8P+ILMHO | LMd ‘VW 
‘VY MOINNW MAIN * 


SP+OMY® .OMY ‘V 
‘VY MOINW' MNINW 


MMINW | “ 


9lippe 
Vv maw, 


ZMU+LMY® '+ LM © ‘V 


‘ymin! 


LMY+OMHO | +0MYO'V 


V MIN! 


QIP+EMY® .EMYO‘W 


V MIN: 


9IP+ZMY® 'ZMYO‘'V 


V nnn: 


QLP+LMY® 'LMYO'V 


V ninw: 


QIPtOMY® ' ‘OMY OV 


‘VY MINN: 


8P+OMY ® 0H “V 


‘VY MINN: 


MAW 
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APPENDIX 
C.7 MOVEA RWi, ea Instruction Map 


Table C-14 lists MOVEA RWi, ea instruction map. 
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APPENDIX C _F°MC-16LX Instruction Maps 


ion 


ea Instruct 
Table C-14 MOVEA RWi, ea Instruction (First Byte 


I 


m@ MOVEA RW 


Map 


= 791) 


guuppe “2MY +MY OZMY 


91P+0d0' 
ZM¥Y VAAOWN 


ZMut+ LM ® 
ZMH VAAOW 
ZMYtOMY®: 'tOMY® ZMY 
ZMd WAAON 


QIPHEMY © * 
ZMY V3AON 


9LP+ZMYO' 
ZM¥Y VAAOWN 


QLP+LMYH@* 
ZMY W3AOW 


9LP+OMYO' 
ZMd WAAON 


8P+ZMHO* 
ZMH V3AON 


SP+9MYO' 
ZMY VAAOWN 


SP+SMH O* 
ZMH V3AOWN 


SP+PMY®' 
ZMuY VAAOWN 


SP+EMY O* 
ZMH V3AON 


SP+2MuO' 
ZM¥Y VAAOWN 


SP+LMHO* 
ZMH V3AOWN 


SP+0OMH®' ‘OMY ZMY 
ZMYYSAON | = VSAOW 


QLIppe ‘OMY '+6MHO'OMH 

VAAOWN 1 VAAOWN 
91P+0d0' 

9M¥ W3AAOWN 


'+LMd@'9Md 


ZMdt+ Md ® 
9Md VAAOWN 
ZMd+0MY®' '+OMY®'9MY 
9M¥ W3AAOWN 


QLP+EMHO* 
OMY WAAOW 


9LP+2MYO' 
9M¥ W3AAOWN 


9LP+LMHO* 
OMY W3AOW 


9LP+OMY®' 
9Md W3AOWN 


8P+/MHO* 
9M VSAOWN 


SPtOMdO' 
9MH VW3AOWN 


8P+SMHO* 
OMY VSAOW 


SPtyMdO' 
9M¥ VWSAOWN 


SP+EMHO* 
OMY VSAOW 


ap+zMuo' ' 
9M V3AOIN 


SP+OMYO' rOMe'OMe 
9MYVSAON' WSAOW 


gLippe ‘GMd 
91P+Od@' 
SMu WSAOW 


ZMu+LMY © 
SMud VSAOW 


ZMY+0MY © 
SMud WSAOW 


QLP+EMHO‘ 
SMU VSAOW 


91P+7MYO* 
SMu VWSAOW 


OLP+LMHO' 
SMU VSAOW 


9IP+OMYO* 
SMd VSAON 


8P+ZMYO‘ 
SMY VAAOW 


8PtoMuO' 
SMu WSAOW 


8P+SMYO' 
SMU VAAOW 


8P+yMYO' 
SMu VSAOW 


BP+EMYO' 
SMU VAAOW 


8PtcMuO' 
SMd VSAOWN 


8P+LMYO‘ 
SMU VAAOW 


8P+OMYO' 
SMu WSAOW 


HeMHO'SMY | LPP ‘eM +MY ‘PMY 
VAAOW | VAAOWN 


91P+Od0* 
pMd VAAON 


'+LMYO ‘PMY 


ZMY+1}MY® 
vMd VAAON 


'tOMY® SMU | ZMYtOMY® '+OMY® PMY 


DMd VAAON 


QIPHEMY O* 
vMY VSAOW 


9LP+2MYO' 
DMd VAAON 


9LP+LMY@* 
vMY VAAOW 


9LP+OMY 
vMd VAAON 


8P+ZMH O* 
yMY VSAOWN 


SPtOMYO' 
vMd VAAON 


8P+SMHO* 
yMY VSAOW 


SPtyMYO' 
vMd VAAON 


SP+EMH O* 
yMd VAAOWN 


8P+2MuO' 
vMd VAAON 


8P+1MHO* 
yMY VSAOWN 


SP+OMH®' ‘OMY PMY 
vMY VSAON' VWASAOW 


‘OMY ‘SMH 
'  WHAOW 


QLPPe ‘EMH '+6MHO ‘EM 
VaAOW VAAOWN 


91P+0d0' 
&Md WAAOW 
ZMX+1Md@' '+1MY® ‘EM 
€Md VAAOW 
ZMY*0MY® '+OMY® EMU 
€Md WAAOW 


QIPHEMYO* 
€Md WSAOW 


9LP+2MYO' 
&Md VWAAOW 


QIPTLMYO* 
€MY WSAOW 


9LP+OMY®* 
&Md WSAOW 


8P+AMHO' 
€Md VAAOW 


SPtoMdO' 
€Md VAAOW 


8P+SMHO' 
€MY VAAOW 


SP+yMYO' 
€Md VAAOW 


SP+EMHO' 
€Md VAAOW 


eP+e7MdO' 
€Md VAAOW 


8P+1MHO' 
€MY VAAOW 


SP+OMYO' (OMY 
€MY¥ VSAOW' =WSAOW 


gLuppe ‘ZMY '+EMY® ‘2Md 
VAAON , VAAOWN 


91P+Od0' 
éMd WAAON 
ZMY+1MY@' +1MYd®‘2MY 
éMd VWAAON 


ZMu+0MY®* 
éMd WAAON 


QIPHEMY @* 
ZMY W3AOW 


9LP+ZMYO' 
éMd WAAON 


QLP+LMH@* 
ZMY W3AOW 


9LP+OMYO' 
éMd WAAON 


SP+ZMHO* 
2M V3AOW 


SPt9MYO' 
éMd VWAAON 


SP+SMH O* 
2M V3AOW 


SP+PMYO' 
éMd W3AON 


SPtEMY O* 
2M V3AOW 


SP+2MYO' 
éMd VWAAON 


SP+LMHO* 
2M V3AOWN 


SP+OMYO' ‘OMY'ZM 
éMYVSAON' VWSAOW 


Lippe ‘LM +MY O‘LMY 
VSAONW « VAAOW 


91P+Od0' 
LMd VAAON 
LMu+ |MY® ‘+LMY ‘LM 
LM VSAOW , 
ZMYtOMY® '+OMY® 1 MY 
LMd VSAON 


QIPHEMY @* 
LMY VSAOWN 


9LP+ZMYO' 
LMd VAAON 


QLP+LMH@* 
LMY V3AOWN 


9LP+OMYO' 
LMd VAAON 


8P+ZMHO* 
LMY VSAOWN 


SPt9MYO' 
LMd VSAON 


SP+SMH O* 
LMd VSAOWN 


SP+PMY®' 
LMd VSAON 


SPtEMY O* 
LMY VSAOWN 


SP+2MYO' 
LMd VSAON 


8P+LMHO* 
LMd VSAOWN 


8P+OMH®' OMY‘ LMU 
LMY VSAOW | =WSAOW 


gLuppe ‘OMY +MY ® ‘OMY 


VSAOW 


91P+Od0' 
OMd V3AON 


ZMdt+lMd® 
OMY VSAON 


ZMYtOMY® 
OMY VSAON 


QIPHEMY O* 
OMY W3AOW 


9LP+ZMYO' 
OMY VAAON 


QLP+LMH@* 
OMY W3AOW 


9LP+OMYO' 
OMd VSAON 


SP+ZMHO* 
OMY V3AOW 


SP+9MHO' ‘9MY'OMY 


OMY VSAON 


SP+SMH O* 
OMY V3AOWN 


BP+yMHO' yMYOMY 


OMY VSAON 


SPtEMH O* 
OMY V3AOW 


8P+ZMYO' 'Z@MYOMY 


OMY VSAON 


SP+LMHO* 
OMY V3AOWN 


8P+0MY®' ‘OMY‘OMY 


OMY VSAOW ! 


VAAOW 


+ 


- ive) N (o>) x a Oo (a) WwW Ww 
+ + + + + + + + + 


© oe) 
+ + 


a ro) t+ 
+ + + 


oO 
+ 
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C.8 MOV Ri, ea Instruction Map 


Table C-15 lists MOV Ri, ea instruction map. 
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@ MOV Ri, ea Instruction Map 


t Byte = 7Aq) 


Irs 


ion (F 


ea Instruct 


I, 


-15 MOVR 


Table C 


guuppe = ' +EMH® 
‘LH AOW, ‘ZH AOW 


9LP+tOd@ 'teMYO 
‘Led AOW, ‘ZH AOW 


ZMY+1MY® '+1LMY © 
‘1d AOW' ‘Zed AOW 


JMEFOMH® | +OMY © 
‘LH AON! ‘ZH NOW 


QIPHEMY® EMO ‘ZH 
‘LY AOW: 


QLP+ZMY® | Z@MY ‘ZY 
‘LY AOW: 


QLP+LMY® | LMY@ ‘ZY 
‘LY NOW 


9LP+OMY © ‘OMHO' ZY 
‘Ld AOW, 


8P+ZMH® 'ZH ‘ZH 
‘Lu AOW! 


SP+SMHY © .SH ‘ZY 
‘ZY AOW! 


8P+PMY © (7H ‘ZH 
“LY AOW: 


8P+EMH® | EY ‘ZH 
‘La NOW. 


8P+ZMYO ‘ZH LY 
‘LY AOW! 


8P+OMH ® 10H ‘ZH 
‘24 AOW! AOW 


gluppe = ' +EMHO 
‘9H AOW,‘9H AOW 


91P+Od © 'teMud® 
‘9H AOW ‘98 AON 


JMutLMY® +L MY ® 
‘SY AOW''SH AOW 


JMY+OMH® ++OMY® 
‘Sd AOW!'9H AOI 


QIP+EMY® |EMHO'9H 
‘OY AOW 


9LP+ZMY® '7MYO‘'OY 
‘Ou AON: 


QLP+LMY® 'IMY® ‘OY 
‘OY NOW 


91LP+OMY® ‘OMHO ‘94 
‘94 AOW! 


8P+ZMHY® ' ZH ‘9H 
‘9H AOW! AOW 


8P+9MH ® 19H ‘9H 
‘SY AOW! —_AOW 


8P+SMH® {SH ‘9H 
‘OY AOW:! AOW 


8P+P MH © 7 ‘9X 
‘OU AOW 


8P+EMH® ! ‘eu ‘OU 
‘9H AOW, AOW 


8P+cMY © ra ‘OY 
‘94 AOW! AOW 


8P+OMH © 10H ‘9H 
‘94 AOW: —AOW 


Qgluppe = | +€MHO 
‘GY AOW: Su AOW 


9LP+tOd®@! ‘4zMe ® 
‘SH AOW. ‘SH AOW 


JMd+1MH® '+LMY® 
‘SH AOW! ‘SH AOW 


ZMXt+OMYO | tOMY © 
‘SH AOW' ‘SH AOW 


QLPtEMH® » €MY@ ‘SY 
‘GH AOW! 


QEP+LMH®@ } ‘LM® ‘SY 
‘GY NOW: 


QLP+OMY® 'OMYO ‘SH 
‘SH AOW, 


SP+/MY® ‘ZH ‘SH 
‘SH AOW! 


8P+9MY © 19H ‘cy 
‘Gd AOW! 


eP+emd® ‘ey ‘Su 
‘SH AOW, 


8P+OMH® :0H ‘SH 
‘SH AOW' — AOW 


gluppe = | +E MH 
‘bY AOW: ‘yd AOW 


9LP+Od® ‘+ZMHO 
‘vd AOW, ‘vd AOW 


LMU* MY ® '+ LM ® 
‘yd AOW, ‘VY AOW 


ZMXt+OMY® 1 +tOMY © 
‘yd AOW'‘td AOW 


QLP+ZMYO ,ZMHO‘PHY 
‘yd AOI: 


QLP+LMY® | IMHO ‘PH 
‘vd AON: 


9LP+OMY® 'OMYO'vH 
‘yd AOW, 


SP+LMYO +2 ‘bd 
‘yy AOW! 


8P+9MY © ‘94 ‘vd 
‘yd AOW! 


SP+SMH © SH ‘PY 
‘vd AOW! 


SP+PMH © 7H ‘PH 
‘vy AOW: 


BP+EMY © ‘EH ‘PH 
‘yu AOW, 


8P+OMY® .0H ‘PH 
‘bH AOW' ~~ AOW 


guuppe = ' +EMHO 
‘cH AOW, ‘6H AOW 


9LPtOd © '+eMud® 
‘Cd AOW,‘€X AOW 


JMU+1MY® ' +L ® 
‘SH AOW'‘EH AOW 


JMY+OMH® : +OMY ® 
‘eH AON! EH AOW 


9LPt+CMYO ‘amo ‘ed 
‘ed AOW: \ 


OLP+L MYO ' LMYO ‘ed 
‘ed NOW 


oIPHOMY® ‘OMYO ‘cH 
‘eH AOW! 


8P+ZMHY © ' ZH ‘CY 
‘ed AOW | 


8P+~VMY © “ye ‘ed 
‘ed Usa \ 


8PTEMYO ' ‘eH ‘ey 
‘eH AOW, 


eP+ZMY © ‘ZH ‘eH 
‘cH AOW! 


SP+OMY® | 0H ‘EY 
‘cy AON: — AOW 


gluppe = " +§ MH 
‘SH AOW! ‘2d AOW 


9LP+Od@ '+eMYO 
‘tH AOW! ‘2d AOW 


JMUt MYO. +L MY ® 
‘Za AOW: ‘ZH AOW 


LMU+0MY® | OMY © 
‘td AOW: ‘2H AOW 


QLP+ZMHO ' ZMH O ‘ZY 
‘ZH AON! 


9LP+LMY® LM © ‘2H 
‘td AOW! 


9IP+OMY® | OMY O ‘eH 
‘tu AOW: 


8P+ZMH®O ' ZY ‘2H 
‘ed AOW: 


8P+9MYO ‘OH ‘ZH 
‘tH AOW! 


8P+SMH® «SH ‘ZH 
‘ZH AON! 


8P+bMY® , 7H ‘ZY 
‘ed AOW! 


SP+EMH © ‘CH ‘ZH 
‘ZH AOW, 


8PtCMY® ' cd ‘td 
‘td AOW, 


gluppe tEMYO 
‘Ld AOW * Ly AOW 


91P+Od ® | iteéMd® 
‘bd AOI, kuY AOW 


ZMXt+1MYO ‘+L ® 
‘ld AOW ‘bd AOW 


ZMXt+0MYO '+tOMY © 
‘ld AOW'‘bH AOW 


9IPtEMY © ‘eMYO ‘LY 


eP+LMYO ‘ZH ‘LY 
‘LY AOW! 


8P+OMH® :0H ‘LY 
‘Ly AOW' — AOW 


MU+LMH® '+LMY® 
‘OH AOW! ‘OH ACW 


ZMYtOMY® '+tOMY © 
‘OW AOW' ‘OH AOW 


QLP+OMH® ' ‘oMHo ‘O” 
‘OH AON, 


SP+ZMH® ‘ZH ‘OH 
‘OH AOW! 


8P+9My © 19H ‘Ou 
‘OU AOW! 


8P+cMH © | cu ‘OY 
‘Od AOW, 
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Table C-16 lists MOVW RWi, ea instruction map. 
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Map 
Table C-16 MOVW RWi, ea Instruction eS Byte 


ion 


ea Instruct 


m@ MOVW RW 


7By) 


QLIppe ‘2 MY | +8MHO ‘LM 


9LP+Od® '+2MUO ‘LM 
‘“ZMd MAON 


ZMd+ IMu@ ' +1M¥® LMY 
‘LMd MAON | MAON 


ZMY+OMY® '+0MY®@ ZMY 
‘ZMd MAONW | : 


9LP+cMY® 12M O ‘2M 
‘ZMY MAOW + 


QIP+LMH® | LMY@ ‘ZMH 
‘MY MACON, = MAOW 


8P+ZMH® 'ZMd ‘ZMH 
‘LMY MAOW ' 


8P+9MY® ' OMY ‘ZMY 
‘“ZMd MAOW ' : 


8P+SMY® » 'SMed “LMd 
‘LMd MAOW | ! MAOW 


8P+yMY® VM “LM 
‘LMY MAOW + 


8P+EMY® ‘MY “LM 
‘Md MAOW , 


8P+LMY® ' MY ‘ZMd 
‘LMd MAOW' MAOW 


8P+OMY® 'OMY ‘ZMY 
‘ZMd MAOW | MAOW 


guippe ‘ou | MYO ‘OMY 


Q1P+Od® | +ZMHO ‘OMY 
‘OMY MAOW | 


ZMY+1MY® ' +1MY® ‘OMY 
‘OMY MAO ' 


®'+0MYO 9M 


®'OMY®'9MY 
MAOW 


gLuppe ‘SMH | +EMHO ‘SME 


+1M¥® ‘SMH 
MAOW 


ZMY+1MY © 


ZMU+0MH® | +OMH@ ‘SM 
‘MY MAON | 


8P+9MY® 'OMY ‘SMX 
MAOW 


8Pt+lLMY® ; LMd “SM 
‘SMY MAONW | MAOW 


8P+OMY® ' OMY ‘SMX 
‘GMd MAOW | MAOW 


QLppe “pM , +2MO ‘vd 


91P+Od® '+2MUO ‘yMd 
‘yMY MAOW , 
ZMdt+|MY® ' +1MYO ‘VM 
‘yMY MAOW , 


ZMU+0MY® | +OMYO‘YMY 
‘yMd MAOW ! 


QLP+CMY® » 'zMe ®'yMdY 
‘yMY MAOW! MAOW 


QLP+LMH® ; IMHO ‘PMH 
‘MY MACON, = MAOW 


9LPtOMY® ‘OMY * vMY 
‘yMd MAOW, MAOW 


8P+ZMY® | ZMH ‘yMd 
‘yMd MAOW , 


8P+9MYO ' OMY ‘PMY 
‘yMd MAOW : MAOW 


8P+GMYO ' SMe ‘yMd 
‘yMd MAOW! ! MAOW 


8PtVMY® MY ‘yMd 
‘yMY MAOW: MAOW 


8PtEMYHO MY “‘yMd 
‘yMY MAOW, 


8P+cMY® '@Mu ‘yMd 
‘yMd MAOW | MAOW 


8P+LMYO ' LM ‘PMY 
‘yMd MAON | MAOW 


8P+OMY® ' OMY ‘PMY 
‘yMY MAOW MAOW 


gLippe ‘emu | MYO ‘CMY 


91P+Od® ‘+2MU® ‘eMd 
‘eMd MAOW; 


ZMe+1Md® ' +1MH® ‘EMe 
‘EMH MAOW ' MAOIN 


ZMXtOMY® ' tOMY® EMMY 
‘eMY MAOW ' e 


8P+SMY © “SMe “EMd 
‘EMY MAOW« MAOW 


8Pt+VMY © eM ‘EMd 
‘CMY MAOW + MAOW 


8P+OMU © «OMY ‘EMH 
‘eMY MAO" MAOW 


Lippe ‘2d | +eMH® ‘ZMH 


91P+Od® '+2MYO ‘ZMH 
‘ZMY MAON | 


ZMY+LMY® ' +1MY® CMY 
‘CMY MAOW © ' MAOW 


® +OMe ®eMy 


OLP+LMY® 'L MYO ‘eMY 
‘CMY MAOW © ! 


9LP+OMY® ‘OM ®'eMY 
‘CMY MAOW ! MAOW 


SP+ZMY® ,ZMY ‘ZMH 
MY MAON 1 


8Pt9MY® ‘9Mu ‘CMY 
‘CMY MAOW | MAOW 


8P+OMY® ‘OMY ‘ZMH 
‘CMY MAOW | MAOW 


QLppe ‘LM 8MHO ‘LM 


91P+Od@ +2MUO ‘IMd 
MAOW ; 


+1Md® “LMU 
MAOW 


+1LMd® 


+OMY® '+OMYO‘IMY 


8P+9MY® 'OMY ‘LMY 
MAOW 


8P+LMY®@® ' LM ‘ELM 
‘LMY MAONW , MAOW 


8P+OMY® ‘OMY ‘EL MY 
‘LMY MAOW | MAOW 


9bP+Od® +2MHO ‘OMY 
MAOW, 


ZMY+1MY © 


ZMY+0MY® ' +OMY® ‘OMY 


9LP+OMH® |OMYO ‘OMY 
MAON , 


8P+ZMY® | ZMY ‘OMY 


8P+LMY® ' LMH ‘OME 
MAOW! 


8P+OMY® ' OMY ‘OMY 
MAOW! MAOW 
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C.10 MOV ea, Ri Instruction Map 


Table C-17 lists MOV ea, Ri instruction map. 


@ MOV ea, Ri Instruction Map 
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7Cy) 


ZY ‘QLIPpPe' yy “+emMHo 


2H ‘91premu@ , ZH ‘EMH® 
AOW! 

LY 91p+2MHO , ZH ‘ZMHO 

AOW 


24 ‘91P+LMY@ | ZY ‘LMY® 
AOW, 


9H ‘OLIPPe' ou “+emyo 


Ou ‘9Lp+ZMU® , 9H ‘ZMH 
AOW: 


94 'QIPHLMY® | 9H “EMH ® 
AOW, 


GH “9 LIPPe cy ‘+emHO 


SH ‘9LP+Od® 1G ‘+7MHO 
AOW! 


SH ‘LMY+OMH® 1 SH “+OMH® 


‘gLp+7@MYO | SH ‘CMYO 
AOW, 


‘QIP+LMH® 'SH ‘LMY® 


DY ‘OLIPPR ‘yy ‘Hemu® 


‘QLP+ZMHO ‘ved ‘CMY ® 
AOW: 
T 


‘QIPtLMU® ‘VY ‘LMY® 


€Y ‘OLIPPE "eu “+emdo 


‘QLp+zMH® ‘eu ‘CMYO 
AOW: 

2 

@'€Y ‘MYO 


ZY ‘OLPPE zy Hem 


AOW! 


AOW 


ZY ‘91P+Od® 1ZH +ZMHO 


AOW 


ZY ‘ZMU+LMY® ,ZH +LMY® 


AOW 


AOW 


ZY ‘LMY+OMU® 12H ‘HOME O 


AOW 


AOW! 


AOW! 


AOW 


‘QIPtEMHO 'CH ‘EMY®O 


AOW 


‘QIp+zMH®O cH ‘“CMYHO 


AOW 


‘1PHIMH® .ZH ‘LMH® 


AOW 


LY ‘QLIPPe '1y +emHo 
AOW! AOW 


bY ‘9LP+Od® 1 1y ‘+zmy® 
AOW' AOW 


LH ‘ZMU+LMH® + bY ‘+LMH® 


AOW ' AOW 


LH ZMH+OMH® 1 HH “+OMH® 


AOW 


‘QIPtSMHO : Ly ‘EMY® 
AOW AOW 


‘QLp+zMHO : Ly ‘@MY® 
AOW, AOW 


‘QIP+LMHO ' LY ‘LMYH® 
AOW! AOW 


OY “9LAPPR 'ou +emHo 


OU ‘LMH+OMH® 10H ‘+OMH® 


AOW 


‘91D+ZMY®@ |OH ‘ZMHO 
AOW AOW 


A 


S 
a 
a 
7 
a 
i 


6+ 
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‘ 
‘QIP+OMU® 1c OMY® ‘QLP+OMH 


‘QLP+oMY® | 7H ‘OMY® ® 
AOW AOW AOQW 


: ‘Q1P+OMU® 'CY ‘OMY 
AOW, 


24 ‘91pHoMu@ | 4H OMH® : 
AOW, 


AOW 


‘OLP+OMY 


; "Ld ‘OMY® 
AOW, ' 


ZY ‘eP+ZMY@ 1cH “ZH LY ‘BP+ZMY 


‘eptzmu® 'SH ‘ZY ® 
AOW AOW AOW 


‘eptumu@ | ZH ZY 
AOW 


AOW 


Zu ‘sptomu® ‘CH “OY 
AOW' — AOW 


Zu ‘gp+sMY@ 1c “SH LY ‘@p+SMy 


94 ‘ep+sMu@ 19H ‘SH cu ‘ep+sMu@ 1H ‘SH ® 
AOW N 


AOW! AOW! 
Zu ‘BPHHMU® «cH “bH 
AOW! AOW 


Gu ‘eP+yMu@ , SH “VY 
AOW: 
zu ‘ep+emu@ ,c “EX 


Su ‘eptemyo 'SY “ 
AOW AOW 


AOW 


‘sp+am¥o ‘OH “CH 
AOW, 


LY ‘8P+ZMHO ' 
AOW! 


‘eP+ZMd 


ZY ‘eptzmu@ ‘2H ‘2H 
AOW, 


ed ‘ept+zmuo '€Y ‘2H 
AOW, AOW 


Za ‘ep+zmu@ | ZY “CH 
AOW, AOW 


AOW, 


ZY ‘eP+LMY® 'CX “LY LY ‘P+LMHO ! 


AOW 


GH ‘@P+LMY@ 19H “bY 
AOW! 


L 


‘gotomu 10H ‘OH 
AOW'! AOW 


LY ‘BP+OMY® + 
AOW! 


2H ‘eptomy@ «cH ‘OH 
AOW! AOW 


ed ‘sP+OMH®@ '€H “OU 
AOW! AOW 


vy ‘eptomu@ 7H ‘OU 
AOW! AOW 


cu ‘eptomy@ 1SH ‘OH 
AOW! AOW 


Ze ‘ep+omu@ | ZY ‘OU 
AOW! AOW 


APPENDIX 
C.11 MOVW ea, RWi Instruction Map 


Table C-18 lists MOVW ea, RWi instruction map. 


@ MOVW ea, RWi Instruction Map 
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irst Byte = 7D,) 


ion (F 


18 MOVW ea, RWi Instruct 


Table C 


ZMdu “9 Lppe UME +EMd® 
MAOW. 


Z2Md'ZMut ' ‘M+ LMu® 
LMY® MAOW | 

ZMd'ZMet | ZMd'+0MYO 
OMY® MAO * 


ZMY ‘gLpt, ZMuY ‘@MYO 
' MAOWN 


ZU ‘9EP+' ZMY ‘OME® 
OMH® MAON , 


ZMd ‘8P+/MY® ' ZMH ‘LMWH 
MAOW' — _ MAOW 


ZMd ‘8P+9MY® ' 2M ‘OMY 
MAOW " l MAOW 


ZMd ‘8P+7MY® ZN ‘Md 
! 


‘EP+EMHO | .2Md “€Md 
MAOW, MAOW 


‘eP+ZMYO | ZMH ‘ZMH 
MAOW, — MAOW 


‘BP+LMY® ' ZMH ‘EMH 
: MAOW 


‘eP+OMY® ' ZMH ‘OMY 
MAOW! MAOW 


9Mdu “9L4ppe \OMuFEMY® 
MAOW + MAOW 


9MH ‘OEP+ '9MY'+ZMH® 
Od® MAONW , MAO 


9Mu'ZMd+ ‘OMe! + MEO 
kM ®MAON | 

9My'ZMd+ '9MY'+0MY® 
OMY @MAON | 


9Md ‘9 LP+ rom ‘@MYO 
CMYOMAON : MAOW 


9M ‘OLP+ ‘OM ‘LMd® 
LMY@MAONW 1 


9MU ‘91P+ ‘9M ‘OMY ® 
OMH® MAOW , 


9MU ‘8P+ZMY® 'OSMHY ‘ZY, 
MAOW 


9Md ‘8P+9MY® ‘9M ‘OMY 
MAOW 


OMY ‘SP+EMY® ‘OMY ‘EM 
MAONW , MAOW 


9MU ‘8P+LMY® 'OMHY ‘EM 
: MAOW 


9MU ‘8P+OMY® ‘9M ‘OMY 
MAO! MAOW 


SMu ‘9 Lppe ; SMu'+eMY® 
MAOW: 


SMU ‘QLP+' SMU'+ZMH® 
Od@MAON, 


SMu'ZMu+ ‘GMd'+LMY® 
LMYO®MAOW | 

SMu'ZMdt ' SMu'+0MYO 
OMY® MAO! 


SMY ‘gLpt, SMU ‘7MYO 
' MAOW 


SM¥ ‘OLP+' SMU ‘OMY ® 
OMYOMAON , 


SMU ‘8P+OMY® 'SMY ‘OMY 
MAOW 


‘BPHEMYO ‘SMH “CMa 
MAOW, MAOW 


‘BP+ZMYO : SMu ‘2Mu 
MAONW , MAOW 


‘BP+LMY® 'SMY ‘LMY 
; MAOW 


‘BPHOMY® ' SMU ‘OMY 
MAOW! MAOW 


Md “9 Lappe yMe'+8MH® 
MAOW, MAOW 


vMd ‘QEP+ ‘Md +ZMU® 
Od @MAON | MAOW 


Mu‘ ZMd+ ‘eM +L M® 
IMH®MAOW! 


Md‘ LMd+ VM FON 
OMY ®MAOW! ’ 


vMY ‘QLp+ vMd ‘EME® 
EME @MAON' i 


DMd ‘QLP+ Md ‘@MYO 
cMYOMAOW : MAOW 


DM ‘OLP+ ‘yd ‘LMd® 
LMY@MAONW , 


YM ‘9LP+ ' PMY ‘OMY ® 
OMYOMAON , 


TMH ‘8P+9MY® +7 MY ‘OMY 
MAOW 


‘SP+OMHO 1 ‘eM ‘OMY 
MAO! MAOW 


Md ‘9Lppe eM EMO 
MAOW: 


EMd ‘OLP+ /eMy+ZMHO 
Od®MAOW 


Md‘ ZMe+- ‘M+ MYO 


LMY@MAON , 


eM ZMa+ seme +0MYO 
OMY®MAOW 


eMd ‘OLP+ eM ‘CMY® 
EMY®MAOW ! ' 


€Md ‘QLP+ ‘eM ‘CMYO 
ZMYOMAON § MAOW 


Md ‘OLP+ remy ‘1MY® 
IMY@MAOW : 


EMU ‘91P+ ‘EMH ‘OMH® 
OMH®MAON , 


eM ‘8P+ZMY® ‘eMa “LMY 
MAONW , MAOW 


EM ‘SP+EMYO remy “eM 
MAOW 


MY ‘8P+ZMY®O 'EMY ‘ZMH 
MAOW , MAOW 


MH ‘8P+LMH® ‘EMH “LMU 
: MAOW 


SMU ‘8P+OMY® 'EMHY ‘OMY 
MAOW ' MAOW 


Mu ‘9 Lppe : Zu +EMYO 
MAOW, MAOW 

Mu ‘QEP+'ZMd'+2MHO 
Od ®MAON) MAOW 


emu‘ ZMdt + reMe+ IMY® 
kM @MAON' ! MAOW 

emu‘ LM 2Me+0MH® 
OMYOMAOW: MAOW 


ZMd ‘QLP+ ‘2M ‘CMe ® 
EMYOMAOW , MAOW 


ZMd ‘QLP+ \oMd ‘TMA ® 
eMd @MAOW | MAOWN 
1 

eMu ‘QLP+ '2MY ‘LM ® 
kM ®MAOW! : MAOW 


ZMH ‘9LP+ ZMH ‘OMY 
OMY OMAOW ' MAOW 


2M ‘8P+ZMY® '2Md *LMY 
MAON, MAOW 


2M ‘8P+9MYO ‘Md ‘OMY 
MAON , MAOW 

2M ‘8P+SMY® ' CMU “SMU 
MAOW MAOW 


eMd ‘SpHMO | eM ‘VM 
MAON MAOW 


2M ‘SPtEMYO 12M “eM 
MAOW: MAOW 


2M ‘8P+@MHO : Mu “CMY 
MAON , MAOW 


ZMU ‘8PHLMY® ' 2M SEM, 
MAOWN ; MAOW 


2MU ‘8PtOMH® | 2M ‘OMY, 
MAON! MAOW 


LMe ‘OLIppe, MY +EMY® 
MAOW: MAOW 
LMu ‘9LP+! 
QdOMAON, 
LMY'ZMY+! LM +LMH® 
IMY@MAOIN! MAOW 
LMY'ZMe+" LM +OMH® 
OMYO®MAON! MAOW 


LMd'+2@Me® 
MAOW 


MY ‘g1pt LMd ‘EMu® 
EMYOMAON! MAOW 


LMd ‘27M ® 
MAOWN 


LMY ‘gLpt, 

ZMYOMAOW: 

1 

MY ‘gLp+! LMd ‘}Md® 

LMY@MAON, MAOW 

1 

LMY ‘gip+' 
OMYOMAON , 
LMe '8P+ZMYO! LM ‘ZMH 

MAOWN! MAOW 


LMd ‘OMY ® 
MAOW 


bMd ‘eptoMUO LM ‘OMY 
MAOWN! MAOW 


bMu ‘ep+SMUO LM “SMX 
MAQW! MAOW 


LMd ‘VM 
MAOW 


IMH ‘BPH , 
MAOW: 
LMH ‘SP+EMHO | 
MAOW, 
LM 'eP+ZMHO' LAN ‘ZMH 
MAOW MAOW 
LM 'BP+LMY®' LM “LM 
MAON' MAOW 


LMd “EM 
MAOW 


LMd ‘8P+OMHO: LM ‘OMY 
MAOW! MAOW 


OM “9L4Ppe OMy'+eMY® 
MAOW: 


OMY ‘9EP+! OMY+ZMH® 
Od@MAON, 


OMy'ZMd+' OME'+ MYO 
kM ®MAOW| 


OMd'ZMd+' OMY +OMY® 
OMY ®MAOW' 


OMU ‘9LP+' OMY ‘OMY® 
OMYOMAON , 


4 


q+ 
d+ 


Ot 


eS 
eS 
e 
Hi 
eI 
i 
ag 
EB 
a 
| 
gl 
a 
eo 
a 


or 


O+ 


SESE SES RARE 
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C.12 XCH Ri, ea Instruction Map 


Table C-19 lists XCH Ri, ea instruction map. 
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= 7Ey) 


Map 


ion 


ea Instructi 
Table C-19 XCH Ri, ea Instruction ule Byte 


m@ XCHR 


QLuppe ‘2H '+eMY® ‘ZY 


JMY+1MH® '+LMH® ‘ZH 
‘ZH HOX! 


ZMY+0MY® 1 *OMY® ‘ZY 
‘Ly HOX | 


OLPHEMH® EMH OZ 
‘Ld HOX! 


V ‘QLP+2M | ZMH @ ‘ZY 
‘Ld HOX: 


9LP+LMY® ' LMU O'ZY 
‘Ld HOX, 


9LP+OMY® ‘OMe @'LY 
‘ZH HOX! 


BP+ZMH® |Z ‘ZY 
‘LH HOX' 


8P+9MH® 19H ‘ZH 
‘Le HOX' 


8P+2MH ® 'ZH ‘ZY 
‘Ld HOX'! 


SP+OMY © .0H ‘ZH 
‘Ld HOX' HOX 


QLppe ‘OU ' +EMY @ ‘9 


9LP+Od © '+2@MHO ‘9H 
‘9H HOX} 


JMY+1MH® «+1 MUO ‘9H 
‘SH HOX' 


ZMYtOMY® 1 t0MY ‘9H 
‘OY HOX! 


QLP+EMY® ; SMH O ‘9H 
‘OU HOX:! 


V ‘QLP+2M | ZMH © ‘9H 
‘OY HOX: 


91P+LMY® | LM @ ‘9H 
‘9d HOX, 


9LP+OMH® ‘OMY ‘9H 
‘9H HOX'! 


8P+ZMY © 2 ‘OU 
‘94 HOX! 


SP+9MY © .9H ‘OH 
‘OY HOX: 


aP+ZMU © +2 ‘94 
‘9H HOX! 


8P+0MH® , 0H ‘9H 
‘94 HOX! HOX 


gLppe ‘sy' +eMY OSH 
9LP+Od® ' +@MuY O'S 
‘Gd HOX, 


JMY+1MH® '+LMH®‘SH 
‘SH HOX! 


ZMYtOMY® | *OMY © ‘SH 
‘SH HOX! 


V ‘OLP+2M,  aMu@'sH 
‘GU HOX: 


QLP+LMY® | LMYO ‘SH 
‘GU HOX: 


91PHOMY® ‘OMHO ‘SY 
‘GH HOX: 


8P+ZMY® ZH ‘SH 
‘GH _HOX! 


8P+9MH® 9H ‘SH 
‘SHOX: 


8P+ZMH® 'ZH ‘SH 
‘SH HOX'! 


SP+OMY © 0H ‘SH 
‘Gd HOX' HOX 


QLppe ‘py '+€MYO ‘rd 
9LP+Od® '+2@MYO ‘vy 
‘vd HOX, 


JMY+LMH® '+L MYO ‘PH 
‘pH HOX'! 


JMM+OMHO :+0MHO ‘PH 
‘ye HOX! 


V ‘OLP+2M err 
‘vd HOX: 


9LP+LMY® 'LMYO ‘bY 
‘vd HOX, 


9LP+OMYO ‘OMHO ‘ru 
‘yd HOX! 


8P+ZMH® 12H ‘PY 
‘yy HOX'! 


8P+9MH® .9H ‘bY 
‘pu HOX! 


8P+ZMH® 'ZH ‘PH 
‘yd -HOX! 


SP+OMH® 10H ‘PH 
‘yd HOX! HOX 


glippe ‘eH ' +eMHO ‘EY 
9LP+Od® ' +2MYO'eY 
‘ey HOX! 


JMU+LMH® | +L MUO ‘EX 
ey HOX! 


ZMY*0MY® 1 tOMY ‘EY 
‘ed HOX" 


V ‘OLP+2M 'zMHO ‘ee 
‘ed HOX: 


QLP+1MY®' IMHO ‘EY 
‘ed HOX, 


91P+OMH® 'OMYO ‘EH 
‘eH ~HOX! 


8P+ZMYHO ve ‘ed 
‘ed HOX* 


8P+yMHYO ! “ye ‘ed 
‘ed HOX: 


8P+EMYO ‘ed ‘ed 
‘Cd HOX, 


8P+ZMH® ' ZY ‘EY 
‘SH HOX' 


8P+OMH® | OH ‘EH 
‘Cd HOX! HOX 


QLppe ‘ZY ' +EMYO ‘eH 


ZMY*+1MHO , unde se 
‘ed HOX + 


ZMY+0MH® | *OMHO ‘2H 


‘td HOX: 


QIP+EMY © ‘eMd® ‘2H 
‘2H HOX! 


V ‘QLP+2M'2MY® ‘cd 
‘td HOX 


QLP+OMY® |OMYO ‘ZH 
‘td re \ 


8P+9MHO ‘9H ‘ZH 
‘SH HOX' 


8P+SMH® .SH ‘ZH 
‘ed HOX! 


8P+ZMH® 'ZH ‘ZH 
‘ZH HOX' 


8P+OMH® 0H ‘ZH 
‘td HOX! HOX 


QLppe ‘LY! +eMY Oly 
9LP+Od ® '+2@MY OLY 
‘bd HOX, 


JMY+1MH® +L MYO ‘LY 
‘IW HOX! 


LMUtOMY® 1+0MYO'LY 
‘LY HOX? 


OIPTEMUYO 'eMYO ‘LY 
ae] HOX: 


v ‘OLP+ZM | @MY © ‘LH 
‘LY HOX: 


QLP+LMH® | LMY@ ‘ly 
‘Ld HOX, 


QLP+OMYO! ‘OMY@ ‘LH 
‘kW HOX! 


8P+ZMY ©! ZH ‘LY 
‘Ly HOX! 


SP+9MY ® + 9H ‘LY 
‘Ld HOX: 


8P+2MH ® ' ZH ‘LY 
‘LW HOX! 


8P+OMY ©. 0H ‘LY 
‘kd HOX! HOX 


ZMYt+LMY® '+LMY@ ‘0H 
‘OW HOX' 


ZMY+OMY® , *OMY® ‘OY 
‘OY HOX' ! 


QLP+EMH® | EMH ®O ‘OY 
‘OY HOX: 


V ‘QLP+2M' 2@MY © ‘OY 
‘Ou HOX: 


QLP+LMd® ' LM © ‘0Y 
‘Od ~HOX, 


9LP+OMY® ‘OMY ® ‘OH 
‘OW HOX' 


BP+ZMH © +24 ‘OY 
‘OH HOX' 


8P+9MH © , 9H ‘OH 
‘O” HOX! 


8P+SMH © |SH ‘OY 
‘OY HOX: 


8P+~VMY © ne ‘OW 
‘OW HOX, 


8P+EMH © ' EH ‘OY 
‘OH HOX! 


8P+ZMH® 'ZH ‘OY 
‘OH HOX' 
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C.13 XCHW RWi, ea Instruction Map 


Table C-20 lists XCHW RWi, ea instruction map. 


m@ XCHW RWi, ea Instruction Map 
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e= 7Fy) 


t 


By 


t 


Irs 


nstruction (Fi 


ea 


I, 


RW 


QLuppe ‘ZY 
9LP+Od® 
‘LMed MHOX 


ZMut+ MY © 
‘LMd MHOX 


ZMut+0Me © 
‘LMd MHOX 


9LP+EMY® 
‘LMd MHOX 


91P+cMu® 
‘LMd MHOX 


9LP+LMY® 
‘LMd MHOX 


9IP+OMY® 
‘LMd MHOX 


8P+ZMY®@ 
‘LMd MHOX 


8P+9MY® 
‘LMd MHOX 


8P+SMY® 
‘LMd MHOX 


8PtyMY® 
‘LMd MHOX 


8P+EMY® 
‘LMY MHOX 


8P+cMY® 
‘LMd MHOX 


8P+|LMY® 
‘LMd MHOX 


8P+OMY® 
‘LMd_ MHOX 


+€MY® ‘LM 


+OMY® 


ZMuY 


QLuppe ‘OMY 
91P+Od@ 
‘OMd MHOX 


ZMY+1MY © 
‘OMY MHOX 


8P+1MY® 
‘OMY MHOX 


8P+OMY® 
‘OMY MHOX 


+oMYO ‘OMY 


+0Md © ‘OMY 


OMd ‘SMU 


QLippe ‘SMu 
91P+Od@ 
‘GMa MHOX 


ZMd+ MYO 
‘GMd_ MHOX 


ZMu+0MYE® 
‘GMY MHOX 


9LPHEMY® 
‘GMY MHOX 


9LP+ZMY® 
‘GMY MHOX 


9LP+LMY® 
‘GMd MHOX 


9LP+OMY 
‘GMY MHOX 


8P+ZMu 
‘GMd MHOX 


8P+9Mu 
‘GMY MHOX 


8P+SMu 
‘GMd MHOX 


8Pt+yMd 
‘GMY MHOX 


SP+EMu 
‘GMY MHOX 


8P+cMu 
‘GMY MHOX 


8P+LMu 
‘GMd MHOX 


8P+OMY 
‘GMY MHOX 


+eMuO'SMY 


*LMdO'SMY 


OMY “SMU 
‘ MHOX 


QLuppe ‘yMu 
9LP+Od® 
‘yMd MHOX 


ZMdt+ MYO 
‘yMd_ MHOX 


ZMX+0MYE® 
‘yM_ MHOX 


OLPHEMY® 
‘yMd_ MHOX 


9LP+CMY® 
‘yMe_ MHOX 


9LP+LMY® 
‘yMd_ MHOX 


9LP+OMY® 
‘yMe_ MHOX 


8P+ZMYHO 
‘yMY_ MHOX 


8Pt9MYH®O 
‘yMe_ MHOX 


8P+sMYO 
‘yMe_ MHOX 


8PtVMY® 
‘yMe_ MHOX 


8PtEMYHO 
‘yMe_ MHOX 


8P+cMY® 
‘yMe_ MHOX 


8P+1IMY® 
‘yMd_ MHOX 


8PtOMYH® 
‘yMY_ MHOX 


toMy ‘PM 


OMd ‘VM 
, MHOX 


gLuppe ‘eMY 
9LP+Od@ 
‘CMa MHOX 


ZMuYt+lLMY © 
‘EMY MHOX 


8PtOMY® 
‘EMY MHOX 


+emu@ ‘EMU 


+LMd@ EM 


+0MY®'EMY 


OMY ‘EMY 
! MHOX 


QLuppe ‘2M 
9LP+Od@ 
‘Md MHOX 


ZMut+ MY © 
‘MY MHOX 


ZMut+0MY © 
‘MY MHOX 


9IP+EMY@ 
‘MY MHOX 


9LP+cMY® 
‘MY MHOX 


9LP+IMY® 
‘MY MHOX 


9LP+OMY® 
‘CMY MHOX 


8P+ZMY® 
‘MY MHOX 


8P+9MY® 
‘MY MHOX 


8P+SMY® 
‘MY MHOX 


8PtyMY® 
‘MY MHOX 


8P+EMY® 
‘MY MHOX 


8P+cMY® 
‘MY MHOX 


8P+|LMY® 
‘MY MHOX 


8P+OMY® 
‘MY MHOX 


+LMY® CMY 


+OMH® ‘2MY 


OMd ‘eMY 
MHOX 


QLppe ‘LMWY 
9LP+Od@® 
‘LMd MHOX 


ZMut+ MY © 
‘LMd MHOX 


ZMut+0MY © 
‘LMY MHOX 


QIP+EMY@ 
‘LMY MHOX 


9LP+cMY® 
‘LMY MHOX 


9tP+LMY® 
‘LMY MHOX 


8P+VMY® 
‘LMY MHOX 


® |Md 


OMd ‘LM 
MHOX 


QLuppe ‘OMY 


9LP+Od@ 
‘OMY MHOX 


ZMd+ Md ® 
‘OMY MHOX 


ZMY+0Mu 
‘OMY MHOX 


9IP+EMY@ 
‘OMY MHOX 


9LP+cMY® 
‘OMY MHOX 


9LP+IMY® 
‘OMY MHOX 


9LP+OMY® 
‘OMY MHOX 


8P+ZMY® 
‘OMY MHOX 


8P+9MY® 
‘OMY MHOX 


8P+SMY® 
‘OMY MHOX 


8P+yMY® 
‘OMY MHOX 


8P+EMY® 
‘OMY MHOX 


8P+cMY® 
‘OMY MHOX 


8P+1MY® 
‘OMY MHOX 


8P+OMY® 
‘OMY MHOX 


OMY ‘OMY 
MHOX 


Note:RO is also used as a barrel shift counter or normalizing instruction counter. 
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INDEX 


INDEX 


The index follows on the next page. 
This is listed in alphabetic order. 
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INDEX 


Index 


Numerics 


2-byte Instruction 
2-byte Instruction Map... 329 


A 


A 
Accumulator (A) ......ccccceeecceeeeeeeeeeeeeeeseeeeeeaeeeeeees 18 


Accumulator 
Accumulator (A) ......:ccceeceeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeees 18 
ADDC (Add Byte Data of Accumulator and Effective 
Address with Carry to Accumulator)....... 82 
ADDCW (Add Word Data of Accumulator and 


Effective Address with Carry to 
ACCUMUIMALOL) wai. sosccihetaeleteesese veateas ectaee 84 
ASR (Arithmetic Shift Byte Data of Accumulator to 
Right) cececsuigtte ceiteettsoadlsnenfeeeutenolceahete 102 
ASRL (Arithmetic Shift Long Word Data of 
Accumulator to Right) ...........c eee 104 
ASRW (Arithmetic Shift Word Data of Accumulator 
to Right) .tcieeletedtidovisacseess tener 106, 108 
LSL (Logical Shift Byte Data of Accumulator to Left) 
sdveus fecal snavidanubeareaeubhd eauvensieustsctveaneee: 170 
LSLL (Logical Shift Long Word Data of Accumulator 
tO TETE) einvcheed. Medes ce tee eh ei heed 171 
LSLW (Logical Shift Word Data of Accumulator to 
Left) cveteasssys eslasitecenaieeenntedast 172, 173 
LSR (Logical Shift Byte Data of Accumulator to 
Right) ictiocstateiusects Gebie cudeetebevecnderitenettcte 174 
LSRL (Logical Shift Long Word Data of Accumulator 
tO"RISHL) wisssteccet re ccevshavwacneenectteredaccent 176 
LSRW (Logical Shift Word Data of Accumulator to 
Right), ciceccsgeeivedsbede iaeceviiees toesetesde 178, 179 
MOV (Move Byte Data from Accumulator to 
DeStination) heivvcsssdendoesudesestescngentieesened 183 
MOV (Move Byte Data from Source to Accumulator) 
jas tuscetees ay ede wasevetbs docudensntdeseserQeeneettns 181 
MOVB (Move Bit Data from Accumulator to Bit 
ACOTOSS) soesedesssccrtecctey baubeweetenstecnsteeancees 191 
MOVB (Move Bit Data from Bit Address to 
AcCUMUIAtOL) .......ceceeeeeeeeeeeeeeeeeeeeeeeeeaes 189 
MOVL (Move Long Word Data from Accumulator to 
Destination) cs, cise.dhintavieaedecsstdestieeeeded 195 
MOVL (Move Long Word Data from Source to 
AcCCUMUIALOL) .......ceceeeeeeeeeeeeeeeeeeeeeeeeeaes 194 
MOVN (Move Immediate Nibble Data _ to 
AcCUMUIAtOL) .......ceceeeeeeeeeeeeeeeeeeeeeeeeeees 196 
MOVW (Move Word Data from Accumulator to 
Destination) .........cc:scceeeeseeeeeeeeeeeeeeeeeees 203 
MOVW (Move Word Data from Source to 
AcCCUMUIALOL) .......ceeeeeeeeeeeeeeeeeeeeeeeeeeeaes 201 


356 


MOVX (Move Byte Data with Sign Extension from 

Source to Accumulator) ..........::::cceeee 211 
MUL (Multiply Byte Data of Accumulator)........ 213 
MUL (Multiply Byte Data of Accumulator and 


Effective Address) ...........sccccceeeeeeeeeeees 214 
MULU (Multiply Unsigned Byte Data of 
AcCCUMUIAtOL) .......cccceeecceceeeceseeeeeeeeeees 217 
MULU (Multiply Unsigned Byte Data of Accumulator 
and Effective Address) ..........::::0sceeeeeee 218 
MULUW (Multiply Unsigned Word Data of 
AcCCUMUIAtOL) 2.0... cece eeeeeeeeeeeeeeeeeeeeeeeeees 219 
MULUW (Multiply Unsigned Word Data of 


Accumulator and Effective Address) 


saiete icacied Suanaeauds Nalabtdh na boca avadbenss duu tenesevs 220 
MULW (Multiply Word Data of Accumulator) 

sac dati van dvcuy vy euasebitedineeeev ess tee deatelh teeenv 215 
MULW (Multiply Word Data of Accumulator and 

Effective Address) .........:::ccceceeeeeeeeeeees 216 
POPW (Pop Word Data of Accumulator from Stack 

MEM Ory)... ie ete aceeetinee ote 237 
ROLC (Rotate Byte Data of Accumulator with Carry 

tO Left). ioc. cccesssetetevel cece eetdennsidnvedaeeseve 253 
RORC (Rotate Byte Data of Accumulator with Carry 

tO: Right) c8 ak asa ive eden eee 255 


SUBC (Subtract Byte Data of Effective Address from 
Accumulator with Carry to Accumulator) 
sue eS nt ty dev se awaited evtateaastenea samen teeter? 267 
SUBCW (Subtract Word Data of Effective Address 
from Accumulator with Carry’ to 
Accumulator) ........cccceeeeeeeeeeeeeeeeeeeeeeees 269 
SWAP (Swap Byte Data of Accumulator) .......... 277 
SWAPW (Swap Word Data of Accumulator) ..... 278 
ADD 
ADD (Add Byte Data of Destination and Source to 
Destination)........:cccccseeeeeeseeeeeeeeeeeeeeeeees 79 
ADDC 
ADDC (Add Byte Data of Accumulator and Effective 
Address with Carry to Accumulator)....... 82 
ADDC (Add Byte Data of AL and AH with Carry to 
AL) Si crxeshincanstiaatet apsetheateigiasctuate ices: 81 
ADDCW 
ADDCW (Add Word Data of Accumulator and 


Effective Address with Carry to 
ACCUMUIALOL) 20... ec ee eeeeeeeceeeeeeeeeeeeaeeeeeees 84 
ADDDC 
ADDDC (Add Decimal Data of AL and AH with 
Carry 10: AL) icscsccccetesgeccacvenetecezietesnceees 86 
ADDL 
ADDL (Add Long Word Data of Destination and 
Source to Destination) ...........::::cceeeeeeeees 87 


Address Specification 
INC (Increment Byte Data (Address Specification)) 


wigvsnh wie QeedewstrhGevb sgdvetatt ede ceabvbensudautvaleynds 153 
Addressing 
Bank Addressing Mode ..............:::::tssssseeeeeeeeeeeeees 9 
Direct Addressing ............cccccccceeeeeseeeeeeeeeeeeeeeeeees 61 
Indirect Addressing ............cccccesceeeeeeeeeeeeeeeeeeeeeee 63 
Linear Addressing Mode............::::::ceeseeeeeeeeeeeeeeees 7 
ADDSP 
ADDSP (Add Word Data of Stack Pointer and 
Immediate Data to Stack Pointer) ........... 89 
ADDW 


ADDW (Add Word Data of AL and AH to AL).... 90 
ADDW (Add Word Data of Destination and Source to 


Destination) vsc..c.ccces saewetevter ae ecveee seas 91 
AND 
AND (And Byte Data of Destination and Source to 
Destination) .........cccseeceeeseeeeeeeeeeeeeeeeeaees 93 
AND (And Byte Data of Immediate Data and 
Condition Code Register)...............0008 95 
AND (And Byte Data of Destination and Source to 
DeStmnation) visi: ese cavtetes cevseccestecaslencenashs 93 
AND (And Byte Data of Immediate Data and 
Condition Code Register)...............0008 95 
ANDL (And Long Word Data of Destination and 
Source to Destination) ...........c cee 97 
ANDL 
ANDL (And Long Word Data of Destination and 
Source to Destination) ..........:::::ceeeeeeeeeee 97 
ANDW 


ANDW (And Word Data of AH and AL to AL).... 99 
ANDW (And Word Data of Destination and Source to 
Destination) .......0.ccccsceeeeeeeeeeeeeeeeeeeeeeens 100 
Application Procedure 
Flowchart of Extended Intelligent I/O Service 
Application Procedure ............00:0c 51 
Arithmetic Shift Byte Data 
ASR (Arithmetic Shift Byte Data of Accumulator to 
RISING) e5.05 asaacyrinctaceee tea tusdvaaledeetthshecahe 102 
Arithmetic Shift Long Word Data 
ASRL (Arithmetic Shift Long Word Data of 
Accumulator to Right)...........0:cceee 104 
Arithmetic Shift Word Data 
ASRW (Arithmetic Shift Word Data of Accumulator 


to Right). ccccitisssusgicesteevcetocvensuatel 106, 108 
ASR 
ASR (Arithmetic Shift Byte Data of Accumulator to 
Right) i ssiesdeuateuscectiegstavevaseesdetennaecctied 102 
ASRL 
ASRL (Arithmetic Shift Long Word Data of 
Accumulator to Right) ...........0: cee 104 
ASRW 
ASRW (Arithmetic Shift Word Data of Accumulator 
tO RAGKE) oo cesses tate ciectavesteateavtaudvear 106, 108 


INDEX 


B 
Bank Addressing 
Bank Addressing Mode ..........cccceeeeeeeeneeeeeeeeeeeaeeeees 9 
Bank Registers 
Bank Registers sii..ciccisiececcteetssccctdecseeseuesasseesayes 28 
Bank Select Prefix 
Bank Select Prefix ...........cccccccceeceseeeeeeeeeeeeeeeeseeees 34 
Banks 
Memory Space Divided into Banks and Values in 
Each Register Bank..........::::::::eeeeeeeeeees 11 
BAP 
Buffer Address Pointer (BAP) .............c:sccceeeeeeeees 56 
Basic Page Map 
Basic Page Map.............ccccssssesesseseeeeeeeeeeeeeeeeeees 322 
BBcc 
BBcc (Branch if Bit Condition satisfied)............. 110 
Bcc 
Bcc (Branch relative if Condition satisfied)......... 112 
Bit Address 
MOVB (Move Bit Data from Accumulator to Bit 
Address)». 22scnateticeceetidaviceiscest te iit adobe 191 
MOVB (Move Bit Data from Bit Address to 
AcCUMUIALOL) ......ceeeeeeeeeeeeeeeeeeeeeeeeeeeeaes 189 


Bit Configuration 
Interrupt Control Register (ICR) Bit Configuration 


abu tgetaanegncecscacsa ates Sect sives couoe ee sinastaticcesast 52 
Bit Data 
MOVB (Move Bit Data from Accumulator to Bit 
Address) ..cccteti. weaelens ites iedeae teen sieds 191 
MOVB (Move Bit Data from Bit Address to 
AcCumUIAatOL) ......cceeeeeeeeeeeeeeeeeeseeeeeeeaes 189 
Bit Operation Instruction 
Bit Operation Instruction Map ............::::0seeee 325 
Branch 
BBcc (Branch if Bit Condition satisfied)............. 110 
Bcc (Branch relative if Condition satisfied)......... 112 
CBNE (Compare Byte Data and Branch if not equal) 
pc dide neaNelangacdunteaieheosteuenncc ieereseeduies sued 120 
CWBNE (Compare Word Data and Branch if not 
EqUal) isceecs recs ucedtior es etatiolaiac ete 129 
DBNZ (Decrement Byte Data and Branch if not Zero) 
ucdancndatveratudauouvdetsbosteatecteusbostiectytesabysh 131 
DWBNZ (Decrement Word Data and Branch if not 
ZOLO) dcseeevesaensev tl wedeeehcadeetautacenthecalegs 145 
SBBS (Set Bit and Branch if Bit Set).............0.. 257 
Branch Instruction 
Branch Instruction ..........::0cceeeeeeeeeeeeeeeeeeeeeeeeeeees 314 
Buffer Address Pointer 
Buffer Address Pointer (BAP) ..........::::esceeeeeeeeeeee 56 
Byte 
MUL (Multiply Byte Data of Accumulator) ........ 213 
Byte Data 
AND (And Byte Data of Destination and Source to 
Destination) ..........cccceeeseeeeeeeeeeeseeeeeeneeees 93 


INDEX 
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AND (And Byte Data of Immediate Data and 


Condition Code Register)...............e 95 
CBNE (Compare Byte Data and Branch if not equal) 
iaisdee cgaedega couaasidsattadapipetsastenssascpeivacssanies 120 
CMP (Compare Byte Data of Destination and Source) 
debccberdeahiaceh deeds ss eviniipacedieeiadiotbaseetecten: 123 
DBNZ (Decrement Byte Data and Branch if not Zero) 
iuies pd ebeetadeva sede aguisasapetiapeenevas apiienscendhe 131 
DEC (Decrement Byte Data) ..........cceeeeeeeeeee eee 133 
DIV (Divide Word Data by Byte Data)........0.0... 137 
EXT (Sign Extend from Byte Data to Word Data) 
Susdecditec Gist waaessssatidaneasesatesevaes qgesbansderees 147 
INC (Increment Byte Data (Address Specification)) 
{bescwereeahasededwedezac avi satan puaseessenayaaeaccnces 153 
LSL (Logical Shift Byte Data of Accumulator to Left) 
170 
LSR (Logical Shift Byte Data of Accumulator to 
Right) is. siscucocsdiccrewssiveersititsetingabdaaceics 174 
MOV (Move Byte Data from Accumulator to 
Destination) .........:.:ccceeeeseeeeeeeeeeeeeeeeeees 183 
MOV (Move Byte Data from AH to Memory) 
qatbacbeiaean in iudiudesstevieoussieagues besetbasaancecttes 188 
MOV (Move Byte Data from Source to Accumulator) 
sGbitscchaeeuacetane ssi edstucneaathapasvs sas cgtvnesscnnags 181 
MOV (Move Byte Data from Source to Destination) 
yaeebe ranted acaudivassacctaesrareneevtiiastanpaassentia: 186 
MOVX (Move Byte Data with Sign Extension from 
Source to Accumulator) ..........0..:::eeeeee 211 
MUL (Multiply Byte Data of Accumulator and 
Effective Address)............ccccseceeeeeeeeeees 214 
MULU (Multiply Unsigned Byte Data of 
AcCCUMUIALOL) .......ccceccceceeeceeeeeeeeseeeeeeees 217 
NEG (Negate Byte Data of Destination) ............. 221 
NOT (Not Byte Data of Destination).................. 224 
OR (Or Byte Data of Destination and Source to 
Destination) ...........::ccceeeeeeeeeeeeeeeeeeeeeeas 228 


OR (Or Byte Data of Immediate Data and Condition 
Code Register to Condition Code Register) 


as Gusti tad can ected vusltadubg hoeededee vies saueSetennnens 230 
ROLC (Rotate Byte Data of Accumulator with Carry 
tO Lett) svsiseae shetend vacttaaensteetiatees mtsabeeed 253 
RORC (Rotate Byte Data of Accumulator with Carry 
tO RUSH) ive sccete weeds ie cnertencobaect cette amebadeg 255 
SUB (Subtract Byte Data of Source from Destination 
to Destination) ............cceeeeeeeeneeeeeeeeeeees 264 
SUBC (Subtract Byte Data of AL from AH with Carry 
tO ALD fis oeveieitieatndtartdeclonsylitencestdaseshets 266 


SUBC (Subtract Byte Data of Effective Address from 
Accumulator with Carry to Accumulator) 


sgucebenabah dacvuduvas daccasunutaredentivaasaaupale conte: 267 
SWAP (Swap Byte Data of Accumulator)........... 277 
XCH (Exchange Byte Data of Source to Destination) 
slaeaby dceate abeudesusbarelsetsdenasecovieageneeveansrdde: 282 
XOR (Exclusive Or Byte Data of Destination and 
Source to Destination) ..........::0::ceeeeeeees 286 
ZEXT (Zero Extend from Byte Data to Word Data) 
sidueupeddtavederceteusearelictedtqavechuieagtddevetacnedes 293 


Cc 


CALL 
CALL (Call Subroutine) ............::cceeeeeeeeeeeeeeeeees 114 


CALLP 
CALLP (Call physical Address) .........0...:cceee 116 
CALLV 
CALLV (Call Vectored Subroutine) ............00. 118 
Carry 
ADDC (Add Byte Data of Accumulator and Effective 
Address with Carry to Accumulator)....... 82 
ADDC (Add Byte Data of AL and AH with Carry to 
AD). hecisavasdieel aged exelaraniue slate lieiarectteces 81 
ADDCW (Add Word Data of Accumulator and 
Effective Address with Carry to 
ACCUMUIALOL) 2.2... cee eeeeceeeeeeeeeeeeeeeeeeeeeeee 84 
ADDDC (Add Decimal Data of AL and AH with 
Carry to AL)......cccccccccccceececeeeeeeeeseeeeeeaes 86 
ROLC (Rotate Byte Data of Accumulator with Carry 
TOMOEE) A et cscerchetdoaxdstctegeetneustassisthooas ote 253 
RORC (Rotate Byte Data of Accumulator with Carry 
tO:RIGHE) oc. sis sche aateedtnenseteeitedacenetecececane 255 
SUBC (Subtract Byte Data of AL from AH with Carry 
tO;AL) 2. gta thcitttttetarneettndin aca 266 
SUBC (Subtract Byte Data of Effective Address from 
Accumulator with Carry to Accumulator) 
slueec dei Sesaeadbslanwdanietceatanedeeuenddunrdegedevs 267 
SUBCW (Subtract Word Data of Effective Address 
from Accumulator with Carry to 
Accumulator) ........cccceeeeeeeeeeeeeeeeeeeeeeees 269 
SUBDC (Subtract Decimal Data of AL from AH with 
Cattry 10: Als) iiss ctivesataateidicendenccsetne 271 
CBNE 
CBNE (Compare Byte Data and Branch if not equal) 
sUeagdegcid acaudeaveshalaeidhnabdeatreetegnep deine daneocis 120 
CCR 
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